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‘Do your shoulders have 
the 4 p.m. blues at 10 
in the morning? 


Patented Construction 


Introducing the “Adjust-A-Weight™” apron from 
E-Z-EM. This lead protective apron features a 
patented construction that sets new standards in 
comfort for the wearer. 
















Guaranteed 
Comfort 


This unique feature allows 
the wearer to shift the 
weight to the back and hips. 
With the weight off the 
shoulders, fatigue is 
reduced and comfort 
increased. We are so 
confident in the E-Z-EM 
Adjust-A-Weight 

apron that we 
guarantee that once 
you try it on you'll 
settle for nothing else. 


Free 

Fitting 

Please ask your E-Z-EM 
representative to arrange a 
free fitting. No lead protective 
apron can ever be weightless but 


it can be comfortable. Your E-Z-EM 
representative will be happy to prove it. 





J 


L 


Please call or write for your free catalog of E-Z-EM products. 
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7 Portland Avenue, Westbury, NY 11590 
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AJR Guidelines for Authors 


Address new and revised manuscripts, correspondence, and 
Classified ads to: 

AJR Editorial Office 

2223 Avenida de la Playa, Suite 306 

La Jolla, CA 92037 

telephone: (619) 459-2229 
Make inquiries regarding subscriptions, display advertising, 
reprints, or permission to republish AJR material to the pub- 
lisher: 

The Williams & Wilkins Co. 

428 E. Preston St. 

Baltimore, MD 21202 

telephone: (301) 528-4133 


Publication Policy 


The AJR publishes original and timely contributions to the advance- 
ment of medical diagnosis and treatment with radiologic methods. 
Although content is predominantly clinical, laboratory investigations 
are accepted when their relevance to clinical practice is demonstrable. 
In prospective clinical investigations, authors should document that 
informed consent was obtained from patie its. The material submitted 
must not have been previously published nor be currently submitted 
for publication elsewhere (prior publication of simple abstracts without 
illustrations or tables will not prejudice publication of the complete 
Study). Papers dealing with neuroradiology should be addressed to: 
Editorial Office, American Journal of Neuroradiology, Dept. of Ra- 
diology, Massachusetts General Hospital, Boston, MA 02114: tele- 
phone: (617) 726-8342. At the discretion of the Editor of AUR, AJNR 
articles may be republished in AJR. 

Decisions on manuscripts are based on peer review. Reviewers 
receive manuscripts without title pages to protect the identity of 
authors and to ensure an unbiased review; names of reviewers, in 
turn, are not revealed to the authors. Accepted manuscripts are 
subject to editing. Statements within an article, including changes 
made by the Editor or copy editor, are the responsibility of the author 
and not AJA or its publisher. Authors will receive the edited manu- 
script, galley proof, and proofs of illustrations usually 6-8 weeks after 
acceptance. If the corresponding author will not be available, arrange- 
ments should be made for a coauthor or colleague to read and return 
the proof. 


Copyright Information 


In accordance with AJR implementation of the U.S. Copyright Law, 
authors must release first and subsidiary rights to their manuscript 
at submission (unless the study was performed as part of their duties 
as an employee of a U.S. government agency). A dated letter with 
the signatures of all authors should state: “We, the authors, assign 
first and subsidiary rights to the American Roentgen Ray Society in 
the event that our manuscript [insert title] is published by AJR. We 
guarantee that this manuscript contains no matter libelous or other- 
wise unlawful or which invades individual privacy or which infringes 
any proprietary right. AJA, in turn, grants us the right of republication, 
subject only to crediting the original source of publication and receiv- 
ing written permission from the publisher. We understand we will 
receive no royalty or other compensation from AJR. We guarantee 
that this article and illustrations have not been previously published 
elsewhere or, if previously published in part or in whole, that permis- 
sion has been obtained for republication. Copies of these permissions 





are included and previously published text or illustrations have been 
identified in the manuscript.” (Delete the last sentence if it does not 
apply.) The covering letter also should state that the manuscript has 
been seen and approved by all the authors. 


Manuscript Form 


AJR complies with the Uniform Requirements for Manuscripts 
Submitted to Biomedical Journals (Ann Intern Med 1979:90:95-99). 
Manuscripts must be typed double-space throughout, including 
references, tables, and figure legends. Each table, the footnotes, and 
the figure legend section should begin on separate sheets; a separate 
title page should be provided. Send the original typescript, one copy, 
and two sets of illustrations (not photocopies). Authors’ names should 
be on the title page only so that author anonymity can be maintained 
during the review process. Permission to reprint previously published 
material should accompany the manuscript. 


Organization of Major Articles 
Title Page 


Titles should be brief yet precise, accurately conveying the content 
of the paper. Limit authors to those who made substantial contribu- 
tions to the work. Include an address for each author, and ZIP or 
postal code; acknowledgment of grant or other financial support 
when appropriate; name of meeting, location, and date if the paper 
was presented; a running head (shortened title); and the name, 
address, and telephone number of the author to whom correspond- 
ence and requests for reprints should be addressed. 


Abstract 


A description of the purpose, methods, results, and conclusions of 
the study is required. The factual highlights of each section should 
be recapitulated. 


Introduction 


Clearly state the purpose of the investigation, including necessary 
background facts that indicate its current relevance. 


Materials [or Subjects] and Methods 


Describe the research plan, the materials or Subjects, and the 
methods, in that order. Proof of disease and control of subjectivity in 
observations should be detailed. Metric measurements should be 
used throughout. Put measurements in the International System of 
Units (SI) in parentheses when appropriate; for example, 400 rad (4 
Gy). 


Results 


Present results in logical sequence. If tables are used, do not 
duplicate tabular data but do describe important points and trends. 


Case Reports 


Individual cases can be described if there are only a few; one or 
more cases from a large series can be described individually as 
Representative Case Reports. Each report should concentrate on 
the radiologic information and its usefulness. 


Discussion 


Offer appropriate limitations about the research plan, materials or 
subjects, and methods to give perspective to their adequacy for the 
purpose of the study. Interpret the results to lend meaning and 
importance to the observations. Hypotheses and speculation based 


on the results are encouraged When results differ from those of 
previous investigations, an attempt should be made to explain the 
discrepancy. Conciude with a brief statement regarding clinical sig- 
nificance. 


Acknowledgments 


Acknowledge cnty persons who have made substantive contribu- 
tions to the study Mention grant support on the title page. 


References 


References shawld be offered to document major assertions of fact 
and any opposing evidence and concepts. Discretion in number is 
requested. References should be cited in the text by number (e.g.. 
(3, 4]). The reference list should be arranged in the numeric order 
that references are cited in the text and typed double-spaced 
throughout. References cited first or only in tables or figure legends 
should be numbesed by the sequence in which the table or figure is 
first identified in the text. Data for each reference should be arranged 
according to the style adopted by the U.S. National Library of Medi- 
cine and used in index Medicus. Accuracy of reference data is the 
responsibility of the author. Provide all authors’ (or editors’) names 
when fewer thameseven; when seven or more, list the first three and 
add et al. Provide inclusive page numbers; if an article is only one 
page, please indicate. Abbreviations for titles of medical periodicals 
should conform to those published in /ndex Medicus. Articles that 
‘appear in both AVR and AJNR should be a single reference that cites 
both journals (example 3). Examples: 

1. Kirks DR, Bram EK, Vock P, Effmann EL. Tracheal compres- 
sion by mediastinal masses in children: CT evaluation. AJR 
b 1983;141:647-651 
2. Khansur T, am LT, Tavassoli M. Serum monitors of bone metas- 
tasis. In: Stoll BA, Parbhoo S, eds. Bone metastases: monitoring 
and treatment. New York: Raven, 1983:165-180 
3. Sage MR. Review. Kinetics of water-soluble contrast media in 
the central nervous system. AJNR 1983;4:897-906, AJR 1983; 
141:815-824 
Unpublished cata and personal communications should not be num- 
bered references but should be put in parentheses in the text (e.g., 
Smith JD, personal communication). 


Tables 


Tables should be concise and organized to show trends, not merely 
sompilations of raw data. (The Editor may request that tables of 
lackup data too extensive to be published be deposited with the 
Wiational Auxiliary Publications Service or made available by the 
wuthor.) Include only data pertinent to the subject. Long itemized 
ase histories are better presented in the text as case reports or 
ymmaries. Do not repeat in tabular form material presented in the 
<t. Tables should have titles and headings, but no vertical or 
mrizontal rules. 
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submitted as 13 x 18 cm (5 x 7 inch) glossy, 
s, uatrimmed and unmounted. Labels and ar- 
fessional quality and removable. Number each 
with the figure legends and indicate the top. 


Avoid writing directly on the back of the print. Special permission for 
publication of facial photographs of patients or for previously pub- 
lished pictures is required. Line illustrations or graphs must be profes- 
sionally drawn in black ink on white background; please send pho- 
tographic prints (not photocopies), not originals, to avoid damage in 
handling. Color illustrations will be used at the discretion of the Editor, 
send color prints. Firm estimates of cost will be sent to the author(s) 
for approval before publication. Identical anatomic structures in color 
prints should be the same size to facilitate reproduction and reduce 
cost. 


Legends 


Figure legends should carry a title identifying the message of the 
illustration and the case number if individual cases are describec in 
the text. Legends should be as brief as possible for the informed 
reader to understand the figure. Detailed clinical data should be 
avoided. Legends for previously published illustrations should cite 
the reference number of the source (e.g., Reprinted from [8]). 


Organization of Case Reports 


Concise case reports will be considered for publication if they 
present unusual experiences that are medically important and instruc- 
tive. Clarity and brevity are essential. After preliminary screening by 
an editor to determine whether the requirement of medical signifi- 
cance has been met, qualifying papers will undergo the same peer 
review as major papers. To facilitate planning the order and layout of 
each issue, case reports are limited in length to two journal pages. 
The introduction should be one short paragraph tnat gives some 
general background of the disorder and the specific interest and 
message of the case presented. Only one case shoulc be described 
in detail. The case report should concentrate on the radiologic infor- 
mation and its usefulness. The discussion should focus on the specific 
message of this report and the relevance of radiology in this instance. 
If the author has encounier2d other cases, they may be briefly 
mentioned, and possibly illustrated, but not described in detail. There 
should be no more than eight references. The figures should be 
limited to the minimum required to document the case findings, 
probably not more than four pictures, each a column wide (or the 
equivalent). Excess illustrations would require severely shortening 
the text. Figure legends should be as short as possible and should 
not repeat the text. There can be no tables and no acknowledgments. 
See previous sections for detailed instructions regarding references 
and illustrations. 


Other Contributions 
Technical Notes 


Brief descriptions of new techniques or significant modifications of 
older ones that are directly applicable to the clinical practice will be 
accepted if review is favorable. Technical notes do not carry abstracts 
or acknowledgments. 


Letters to the Editor 


Letters are subject to editing and condensation. Criticism of pub- 
lished articles should be objective and constructive. Letters also may 
discuss matters of general interest to radiologists. 
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Conventional silver halide grains are pebble-shaped, like these. BE 
Sah S ay 


See for yourself the difference between sh. 
sharper. Ask your Kodak representative for a 
comparison of your current film and Kodak T- 





„and sharper. 


Kodak T-Grain emulsion technology results in “tabular” grains. 


e between conventional silver grains The only other difference is noticeably less process- 
ains can be seen in the sharpness ing sensitivity! Ask your Kodak representative for 
_And only in Kodak T-Mat films do you a head-to-head demonstration of Kodak T-Mat films. 
yess produced by T-Grain emulsions. And about all the extra support that comes with any 
ere aren't any tradeoffs. You get increased Kodak product. Or write for details. Eastman Kodak 
hnics are the same as with Kodak ortho Company, Dept. 412-LMI, 343 State Street, 
Hak Lanex screens, including the same Rochester, New York 14650. K 
stopping, exposure-reducing speeds. Can you afford anything less? 








CT 9000 from GE... 
an uncomplicated system that’s 


the best in its class 


When you're buying a CT system 
to handle routine procedures, the 
last thing you want is unnecessary 


complexity. Complexity can compro- 


mise the economy you're looking 
for in such a system... it can raise 
your overhead, increase downtime, 
and slow down throughput. 


That’s why the CT 9000 from 
General Electric has become the 
best-selling system in its class: 

it’s remarkably uncomplicated. 
Simple installation: The entire 
computer system is housed in the 
operator's console. That means you 





don’t need a separate computer 
room with special air conditioning 





requirements. And the CT 9000 fits 
into a room as small as 20 x 20 feet 
...in most cases, it can be installed 
without renovation. 


Uncomplicated operation: The 
CT 9000 incorporates advanced 
micro-electronic technology to 
streamline operation and enhance 





operator efficiency. Operation is so 
easy that training can be completed 
in as little as one day. Routine 
protocols can be initiated with the 
touch of a button. And the unique 
AutoVoice synthesizer automatically 
relays proper breathing instructions 
to the patient, letting the operator 
concentrate on the procedure 

at hand. Because the CT 9000 
system is so easy to use, most 
procedures can be completed 
faster...enhancing patient 
throughput even further. 





GENERAL @@ ELECTRIC 


Uncommonly reliable: The 

CT 9000's modular electronics not 
only give you scan versatility, they 
also set a new standard in system 
reliability. You get consistently 
excellent performance, day after 
day, with minimum downtime and 
maximum throughput. 


Financing made easy: GE offers a 
complete range of financing and 
lease plans that can be tailored to 
fit your budget and cash flow 
requirements. Our Super Saver lease 
plan, for example, offers a fixed 
lease rate as low as 4.8%* with no 
payments for the first 90 days of 
operation ... that means your 

CT 9000 system will begin earning 
income for your facility immediately. 
More information? Contact your 
General Electric sales representa- 
tive, or call us and find out how 
the CT 9000 system can fit into 
your healthcare delivery plans. 


800-433-5566 Ext. 5303 


*Rate in effect for a limited time only. Some restrictions 
apply. Contact your GE sales representative for details. 


N 


t 
i 
$ 
i 
t 





Tecnomed USA 





DOO 


MAMMOGRAPHIC 
SYSTEM 








In the beginning... 
The original MAMEX DC 


The Mamex DC is a complete mammographic 
system, consisting of a modern, efficient DC 
generator which virtually eliminates “ripple” and 
gives a higher resolution image with consistently 
higher subject contrast; a molybdenum anode 
=. x-ray tube; and a motorized compression system 
w with floor remote control. 





Standard features: 

* Compact DC generator with automatic 
exposure control. 
Exposures can be made once every 30 seconds. 

* Stand designed for x-ray examination of the 
breast. 

* Hardened glass screen protects technician 
during exposure. 

* Floor remote compression control. 

* Phototiming detector position selector. 

* Field light. 

* Breast compression plate: 

Biopsy compression plate; 

Spot cone compression plate. 

18x24cm Kodak Min-R cassette with screen. 

Film identification markers. 

Automatic line voltage compensation. 

.6x.6 stationary anode molybdenum x-ray tube 

with beryllium window. 





+ + + + 


5 i Options: 
* 200L 3.5:1 grid. 
* Carbon fiber cassette tunnel with grid pocket. 
* In-hospital wheel assembly (shown). 
* Van wheel assembly. 


Mamex DC ... 


* Five-year proven track record of performance 
and reliability: 

* Hundreds of satisfied physicians, clinics, and 
hospitals throughcut the United States and 
internationally; 

: * Full 12-month non-prorated warranty on the 

=> x-ray tube; 

* Average midbreast dosages, on a 2-film exam of 
a 6cm compressed breast, of .07R or less (as 
documented by the University of Michigan 
Breast Cancer Detection Center - Ingvar 
Andersson, M.D.) 


8 .. . Offers your facility the very best in diagnos 
Original MAMEX DC equipment available in today’s marketplace. 
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| Winthro Lreon 


LEADER IN THE DEVELOPMENT OF NONIONIC CONTRAST MEDIA 


Improving the safety profile 
in a broad spectrum of applications. 





Excellent vascular tolerance: low 
incidence of postphlebographic thrombosis." 


D Significant improvement in comfort reduces patient motion*:: 
Less need for repeat examinations. 


Subjective Sensations in Peripheral Arteriography 


No or slight reactions 
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i E lohexol 
(n = 133 patients) 


*Diatrizoate meglumine 52%/sodium 8%: diatrizoate j W Ionic Monomeric Media* 
meglumine 66%/sodium 10%; iothalamate meglumine 60% l (n = 130 patients) 
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D Improved hemodynamic profile over conventional ionic media. 
Systolic and diastolic pressures are maintained near baseline levels.” 


ft Improving the nephrotoxicity profile: Minimal effect on glomerular 
filtration rate, permeability, or albumin excretion.®2 


Not recommended for patients with anuria. Since adverse reactions 
can occur with nonionic media, similar preparations to those 
recommended for ionic media should be planned to handle severe 
or potentially fatal reactions. 


Wider margin of safety even at higher iodine concentrations." 
Less potential for renal damage compared to conventional ionic media. 
Minimal effect on creatinine levels and renal enzymes. "° 


Significant improvement in patient comfort 
in cerebral arteriography. 


ft Significant improvement over conventional ionic contrast media: 
Fewer and milder pain and warmth sensations." 
Excellent neurotoxicity profile. 





ft Excellent cardiovascular safety profile: Fewer injections 
accompanied by major changes in heart rate.® 14.19 





For peripheral arteriography: Recommended concentrations Adapted from Wolff; data on file, Winthrop-Breon Laboratories. 
OMNIPAQUE 300 (300 mgI/mL) or OMNIPAQUE 350 (350 mgl/mL). Comparable concentration and volume per injection 

For cerebral arteriography: Recommended concentration 

OMNIPAQUE 300 (300 mgl/mL). 


Excellent diagnostic quality in 
intravenous digital subtraction angiography. 


i Greater patient comfort, better tolerance: Most subjective side 
effects are mild.®'*'® 


D Excellent diagnostic images: Significantly less image degradation 
secondary to swallowing, motion, coughing. '® 


hd Good to excellent radiographic quality achieved in 94% of 
patients studied (n = 81).°"*"® 94% of carotid DSA studies conducted 
with no or only slight artifacts." 
Excellent patient tolerance 

x in excretory urography. 


D Less nausea, vomiting, and heat sensation compared to 
conventional ionic contrast media. 


Din 96% of patients, discomfort was absent or mild.° 
Discomfort in Urography 





E lohexol 


(n = 195 patients) 
E lonic Monomeric Media* 
(n = 164 patients) 


*Diatrizoate meglumine 52%/sodium 8%; iothalamate 
sodium. metrizoate meglumine/Na//Ca. 


Moderate 


Severe 





A Data on file, Winthrop-Breon Laboratories.” 


OMNIPAQUE DÙ 


(IOHEXOL) 


See following pages for important product information concerning 
contraindications, warnings, adverse reactions, patient selection, 
and precautionary recommendations. 








Improving the safety profile 
in a broad spectrum of applications. 


D Less chemotoxicity than ionic contrast media." 


ft Lower osmolality than conventional ionic media. 


ft Minimal effect on key physiologic parameters’®: Well tolerated by 


most patients. 





D Less neurotoxic than conventional ionic media. 


D Few direct or indirect cardiovascular effects.2°7' 


D improved patient comfort: Fewer artifacts due to motion 


and swallowing. '®'® 


D Less potential for allergic reactions.”* Since adverse 
reactions can occur with nonionic media, similar preparations 
to those recommended for ionic media should be planned 

to handle severe or potentially fatal reactions. 


Incidence of Adverse Reactions After Intravenous 


Injections Only, in Multicenter Clinical Trials * 


Cardiovascular t 


Gastrointestinal 
(Nausea, vomiting, taste) 


Skin 


P< 0001 


Respiratory 


Muscular P> 75 


P< 0001 


Sar 
Central nervous system! P= 004 = 2 06% 


P< 0001 
(flushing, urticaria, itching, exanthema) 












lohexol (n = 1,683 patients) 


E lonic Monomeric Media + 
(n = 1,358 patients) 


m y 


'Diatrizoate meglumine 52%/sodium 8%; diatrizoate 
meglumine 66%/sodium 10%; iothalamate meglumine 
60%; ioxithalamate; ioglicinate; iodamide; metrizoate 


Adapted from Dahlstrom et al.” 


D Supplied in ready-to-use vials and bottles. No dilution or 
reconstitution necessary. 


Product 
OMNIPAQUE * 180 (180 mgI/mL) 
OMNIPAQUE * 240 (240 mgI/mL) 








OMNIPAQUE * 300 (300 mgI mL) 








Size (mL/unit) 


| | 10 mL, 20 mL vials, Myelo-Kit™ 
|10 mL, 100 mL vials, 200 mL bottle, 





Myelo-Kit 
10 mL, 30 mL, 50 mL, 100 mL vials 








OMNIPAQUE * 350 (350 mgI/mL) 


| 50 mL, 100 mL vials. 200 mL bottle 


*See following pages for important product information concerning 
contraindications, warnings, adverse reactions, patient selection, 
and precautionary recommendations 


Use 


| Lumbar, Thoracic, and CT Myelography 








Lumbar and Thoracic Myelography, 


Peripheral Venography 








Urography, Cerebral Arteriography, 
Peripheral Arteriography, Peripheral 


| Venography 


Angiocardiography. Urography. 
Peripheral Arteriography, |.V. Digital 
Subtraction Angiography 





‘In general, adverse reactions to the intravascular use of 
OMNIPAQUE have been mild and of short duration 

The general incidence of these occurrences following 
total intravascular use is slightly higher, as shown in the 


product information on the last paae 





INJECTION (IOHEXOL) 





PLEASE CONSULT FULL PRODUCT INFORMATION BEFORE USING. 
A SUMMARY FOLLOWS: 
OMNIPAQUE is a nonionic, water-soluble, radiographic contrast medium 
INDICATIONS AND USAGE: OMNIPAQUE is indicated in adults for angiocar- 
diography (ventriculography, selective coronary arteriography), aortography 
including studies of the aortic root, aortic arch, ascending aorta, abdominal 
aorta, and its branches; cerebral arteriography; digital subtraction angiogra- 
phy; peripheral angiography including arteriography and venography 
(phlebography), excretory urography; and lumbar and thoracic myelography, 
by conventional technique and in computerized tomography 

Administration of contrast media should be performed by qualified personne! 
familiar with the procedure and an appropriate technique should be utilized 
CONTRAINDICATIONS: OMNIPAQUE should not be administered to patients 
with a known hypersensitivity to iohexol 

Lumbar puncture ordinarily should not be performed in the presence of local 
or systemic infection where bacteremia is likely 

Intrathecal administration of corticosteroids with OMNIPAQUE is contra- 
indicated 

Because of the possibility of overdosage, immediate repeat myelography in 
the event of technical failure is contraindicated (see DOSAGE AND 
ADMINISTRATION) 
WARNINGS—General: OMNIPAQUE should be used with extreme care in 
patients with severe functiona! disturbances of the liver and kidneys, severe 
thyrotoxicosis. or myelomatosis. Diabetics with a serum creatinine level above 
3 mg/dL should not be examined unless the possible benefits of the examina- 
tion clearly outweigh the additional risk. OMNIPAQUE is not recommended for 
use In patients with anura 

Radiopaque contrast agents are potentially hazardous in patients with multi- 
ple myeloma or other paraproteinemia, particularly in those with therapeutically 
resistant anuria. Although neither the contrast agent nor dehydration has 
separately proven to be the cause of anuria in myeloma, it has been speculated 
that the combination of both may be causative factors. The risk in myelomatous 
patients is not a contraindication, however, special precautions are necessary 
Partial dehydration in the preparation of these patients prior to injection is not 
recommended since this may predispose the patient to precipitation of the 
myeloma protein in the renal tubules. No form of therapy, including dialysis, has 
been successful in reversing fhe effect. Myeloma, which occurs most commonly 
in persons over age 40, should be considered before instituting intravascular 
administration of contrast agents 

lonic contrast media, when injected intravenously or intraarterially, may 
promote sickling in individuals who are homozygous for sickle cel! disease 

Administration of radiopaque materials to patients Known or suspected of 
having pheochromocytoma should be performed with extreme caution If, in the 
opinion of the physician, the possible benefits of such procedures outweigh the 
considered risks. the procedures may be performed; however, the amount of 
radiopaque medium injected should be kept to an absolute minimum. The 
patient's blood pressure should be assessed throughout the procedure and 
measures for the treatment of hypertensive crisis should be readily available 

Reports of thyroid storm following the use of iodinated, ionic radiopaque 
contrast media in patients with hyperthyroidism or with autonomously function- 
ing thyroid nodule suggest that this additional risk be evaluated in such patients 
before use of any contrast medium 

Urography should be performed with caution in patients with severely 
impaired rena! function and patients with combined renal and hepatic disease. 

Caution is advised in patients with a history of epilepsy, severe cardiovascular 
disease, chronic alcoholism, or multiple sclerosis 

Elderly patients may present a greater risk following myelography. The need 
for the procedure in these patients should be evaluated carefully Special 
attention must be paid to dose and concentration of the medium, hydration, and 
technique used 

Patients who are receiving anticonvulsants should be maintained on this 
therapy. Should a seizure occur, intravenous diazepam or phenobarbital sodium 
is recommended. In patients with a history of seizure activity who are not on 
anticonvulsant therapy, premedication with barbiturates should be considered. 

Prophylactic anticonvulsant treatment with barbiturates should be considered 
in patients with evidence of inadvertent intracranial entry of a large or concen- 
trated bolus of the contrast medium since there may be an increased risk of 
seizure in such cases 

Drugs which lower the seizure threshold, especially phenothiazine 
derivatives. including those used for their antihistamine properties, should not 
be used with OMNIPAQUE Others include MAO inhibitors, tricyclic antidepres- 
sants, CNS stimulants, and psychoactive drugs described as analeptics, major 
tranquilizers, or antipsychotic drugs. Such medication should be discontinued 
at least 48 hours before myelography, should not be used for the control of 
nausea and vomiting, and should not be resumed for at least 24 hours 
postprocedure 
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Care is required in patient management to prevent inadvertent intracranial 
entry of a large dose or concentrated bolus of the medium. Also, effort should 
be directed to avoid rapid dispersion of the medium caus ng inadvertent rise to 
intracranial levels (eg, by active patient movement). Direc: intracisternal or 
ventricular administration for standard radiography (nct CT) is not recom- 
mended 
In most reported cases of major motor seizures with other nonion c myelo- 
graphic media, one or more of the following factors were present Therefore 
avoid 
e Deviations from recommended procedure or in myelographic management 
e Use in patients with a history of epilepsy 
e Overdosage 
¢ Intracranial entry of a bolus or premature diffusion of a high concentration of 
the medium. 

e Medication with neuroleptic drugs or phenothiazine antinauseants 

¢ Failure to maintain elevation of the head during the procedure, on the stretcher. 
or in bed 

* Excessive and particularly active patient movement or straining 

lf grossly bloody CSF is encountered, the possible benefits of a myelagraphic 
procedure should be considered in terms of the risk to the patient 


PRECAUTIONS—General: Diagnostic procedures which involve the use of 
radiopaque diagnostic agents should be carried out under the direction of 
personnel with the prerequisite training and with a thorough knowledge of the 
particular procedure to be performed. Appropriate fac litis should be available 
for coping with any complication of the procedure, as wel as for emergency 
treatment of severe reactions to the contrast agent itsel’. After parenteral 
administration of a radiopaque agent, competent personnel and emergency 
facilities should be available for at least 30 to 60 minutes since severe delayed 
reactions have occurred (see ADVERSE REACTIONS) 

Preparatory dehydration is dangerous and may contribute to acute renal 
failure in patients with advanced vascular disease, diabetic patients, and in 
susceptible nondiabetic patients (often elderly with preexisting renal disease) 
Dehydration in these patients seems to be enhanced by the osmot.c diuretic 
action of urographic agents. It is believed that overnight fluid restriction prior to 
excretory urography generally does not provide better visualization in normal 
patients. Patients should be well hydrated prior to and following iohexol 
administration 

In patients with severe renal insufficiency or failure, compensatory biliary 
excretion of the drug is anticipated to occur, with a slow c earance into the bile 
Patients with hepatorenal insufficiency should not be examined unless the 
possibility of benefit clearly outweighs the additional risk 

Acute renal failure has been reported in diabetic patients with diabet c 
nephropathy and in susceptible nondiabetic patients (often elderly with pre- 
existing renal disease) following excretory urography. Therefore, carefu 
consideration of the potential risks should be given betore performing this 
radiographic procedure in these patients 

Immediately following surgery, excretory urography should be used with 
Caution in renal transplant recipients 

The possibility of a reaction, including serious, life-threatening, fatal, ana- 
phylactoid, or cardiovascular reactions should always be considered (see 
ADVERSE REACTIONS) It is of utmost importance that a course of action be 
carefully planned in advance for immediate treatment of serious reactions, and 
that adequate and appropriate personnel be readily available in case a severe 
reaction should occur 

The possibility of an idiosyncratic reaction in susceptible patients should 
always be considered (see ADVERSE REACTIONS). The susceptible population 
includes patients with a previous reaction to contrast media, patients with a 
known sensitivity to iodine per se, and patients with a kncwn clinical hypersen- 
sitivity. bronchial asthma, hay fever, and food allergies 

The occurrence of severe idiosyncratic reactions has p‘ompted the use of 
several pretesting methods. However, pretesting cannot be relied upon to 
predict severe reactions and may itself be hazardous for the patient. It is 
suggested that a thorough medical history with emphasis on allergy and 
hypersensitivity prior to the injection of any contrast med a, may be mcre 
accurate than pretesting in predicting potentia! adverse reactions 

A positive history of allergies or hypersensitivity does not arbitrarily contra- 
indicate the use of a contrast agent where a diagnostic p‘ocedure s thought 
essential, but caution should be exercised (see ADVERS= REACTIONS) 
Premedication with antihistamines or corticosteroids to avoid or minimize 
possible allergic reactions in such patients should be considered. Recent 
reports indicate that such pretreatment does not prevent serious life-threatening 
reactions, but may reduce both their incidence and seventy 

Even though the osmolality of OMNIPAQUE is low compared to ciatrizcate- or 
iothalamate-based ionic agents of comparable iodine concentration, the poten- 
tial transitory increase in the circulatory osmotic load in patients with congestive 
heart failure requires caution during injection. These patients should be ob- 
served for several hours following the procedure to detect delayed hemody- 
namic disturbances 

General anesthesia may be indicated in the performance of some procedures 
in selected adult patients; however, a higher incidence of adverse reactions has 
been reported in these patients, and may be attributable to the inability of the 
patient to identify untoward symptoms, or to the hypotensive effect of anesthesia 
which can reduce cardiac output and increase the duration of exposure to the 
contrast agent 

Angiography should be avoided whenever possible in patients with 
homocystinuria, because of the risk of inducing thrombosis and embol sm 

In angiographic procedures, the possibility of dislodging plaques or damag- 
ing or perforating the vessel wall should be borne in minc during the catheter 
manipulations and contrast medium injection. Test injections to ensure proper 
catheter placement are recommended 

Selective coronary arteriography should be performed only in those patients 
in whom the expected benefits outweigh the potential risk. The inherent r sks of 
angiocardiography in patients with chronic pulmonary emphysema must be 
weighed against the necessity for performing this procedure 

Administration of contrast media should be performed by qualified personne! 
familiar with the procedure and appropriate patient management. Sterile 
technique must be used with any spinal puncture 

When OMNIPAQUE is to be injected using plastic disposable syringes, the 
contrast medium should be drawn into the syringe and used immediately 

If nondisposable equipment is used, scrupulous Care should be taken to 
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prevent residual contamination with traces of cleansing agents. 
Parenteral products should be inspected visually for particulate matter and 
discoloration prior to administration. i particulate matter or discoloration is 
resent, do not use. 
Repeat Procedures: If, in the clinical judgment of the physician, sequential or 


repeat subarachnoid examinations are required, a suitable interval of time 

between administrations should be observed to allow for normal clearance of 

the drug from the body. 

Information for Patients: Patients receiving injectable radiopaque diagnostic 

agents should be instructed to: 

1. Inform your physician if you are pregnant. 

2. Inform your physician if you are diabetic or if you have multiple myeloma, 
pheochromocytoma, homozygous sickle cell disease or known thyroid 
disorder (see WARNINGS). 

3. Inform your physician if you are allergic to any drugs, food, or if you had any 
reactions to previous injections of dyes used for x-ray procedures 

4. Inform your physician about any other medications you are currently taking, 
including nonprescription drugs, before you are administered this drug. 

Drug/Laboratory Test Interaction: |f iodine containing isotopes are to be 

administered for the diagnosis of thyroid disease, the iodine-binding capacity of 

thyroid tissue may be reduced for up to two weeks after contrast medium 
administration. Thyroid function tests which do not depend on iodine estimation, 
eg, T, resin uptake or direct thyroxin assays, are not affected. 

Drug Interactions: Drugs which lower the seizure threshold—especially phe- 

nothiazine derivatives including those used for their antihistaminic or antinause- 

ant properties—should not be used with OMNIPAQUE. Others include mono- 
amine oxidase (MAO) inhibitors, tricyclic antidepressants, CNS stimulants, 

and psychoactive drugs described as analeptics, major tranquilizers, or anti- 

psychotic drugs. Such medications should be discontinued at least 48 hours 

before myelography, should not be used for the control of nausea or vomiting 
during or after myelography, and should not be resumed for at least 24 hours 
postprocedure. In nonelective procedures in patients on these drugs, consider 
prophylactic use of anticonvulsants. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: No long-term animal 

studies have been performed to evaluate the potential of iohexol in these areas 

eareney Category B: Reproduction studies have been performed in rats and 
rabbits with up to 100 times the recommended human dose. No evidence has 
been established of impaired fertility or harm to the fetus due to OMNIPAQUE: 
there are, however, no studies in pregnant women. Because animal reproduction 

Studies are not always predictive of human response, this drug should be used 

during pregnancy only if clearly indicated. 

Nursing Mothers: Caution should be exercised when OMNIPAQUE is admin- 

istered to a nursing woman, it is not known to what extent iohexol is excreted in 

human milk. 

Pediatric Use: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS: 

Intrathecal: Adverse reactions to the intrathecal use of OMNIPAQUE in general 
have been mild to moderate in degree, and of short duration. The incidence of 
these occurrences, based on clinical trials of 584 patients, is as follows: 

Headaches. The most frequently occurring adverse reaction following myelog- 
raphy with OMNIPAQUE has been headache, with an incidence of less than 
20%. Headache may be caused either as a direct effect of the contrast medium 
or by CSF leakage at the dural puncture site. However, in managing the patient, 
it is considered more important to minimize intracranial entry of contrast 
medium by postural management than to attempt to control possible CSF 
leakage. 

Pain: Mild pain including backache, stiffness, and neuralgia occurred follow- 
ing injection with an incidence of about 8%. 

Nausea and Vomiting: Nausea was reported, with an incidence of about 6%, 
and vomiting of about 3% (based on clinical trials of 584 patients—see PATIENT 
MANAGEMENT). Maintaining normal hydration is very important. The use of 
phenothiazine antinauseants is contraindicated. Reassuring the patient that the 
nausea will clear is usually all that is required. 

Dizziness: Transient dizziness was reported in about 2% of the patients. 
Other Reactions: Other reactions, occurring with an individual incidence of 
less than 0.1%, included feeling of heaviness, hypotension, hypertonia, sensa- 
tion of heat, sweating, vertigo, and loss of appetite. All were transient and mild, 

with no clinical sequelae 

General Adverse Reactions to Contrast Media: Physicians should remain alert 
for the occurrence of adverse effects in addition to those discussed above, 
particularly those already reported in the literature for other nonionic, water- 
soluble myelographic contrast media. These have included but are not limited to 
aseptic and bacterial meningitis, and CNS and other neurologic disturbances. 
Intravascular: Adverse reactions to the intravascular use of OMNIPAQUE have 
usually been of mild to moderate severity. However, serious, life-threatening and 
fatal reactions, mostly of cardiovascular origin, have been associated with the 
administration of iodine-containing contrast media, including OMNIPAQUE. The 
injection of contrast media is frequently associated with the sensation of warmth 
and pain, especially in peripheral angiography; pain and warmth are less 
frequent and less severe with OMNIPAQUE than with many ionic media, but 
lower osmolality media are similar in this respect. The incidence of these 
occurrences in clinical trials is as follows: 

Cardiovascular System: Arrhythmias including PVCs and PACs (3%), an- 
gina/chest pain (2%), and hypotension (1%). Others including cardiac failure, 
asystole, bradycardia, tachycardia, and vasovagal reaction were reported with 
an individual incidence of less than 0.8%. In controlled clinical studies involving 
900 patients, one fatality occurred. In widespread clinical use, the incidence of 
fatality is estimated at 0.0003%. 

Nervous System: Pain (6%), photomas (3%), headache (2%), and metallic 
taste (0.8%). Others including anxiety, blurred vision, dizziness, fever, motor and 
speech dysfunction, convulsion, light-headedness, paresthesia, somnolence, 
vertigo, stiff neck, hemiparesis, and nystagmus were reported, with an individu- 
al incidence of less than 0.3% 

Respiratory System: Dyspnea, laryngitis, and throat irritation, with an individu- 
al incidence of 0.1% 

Gastrointestinal System: Nausea (2%) and vomiting (0.5%). Others including 
diarrhea, dyspepsia, and dry mouth were reported, with an individual incidence 
of 0.1%. 
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Skin and Appendages: Urticaria (0.3%) and purpura (0.1%). 

Individual adverse reactions which occurred to a significantly greater extent 
or a specific procedure are listed under that indication. 

General Adverse Reactions to Contrast Media: Physicians should remain alert 
for the occurrence of adverse effects in addition to those discussed above. The 
following reactions have been reported after administration of other intravascular 
iodinated contrast media. Reactions due to technique: hematomas and ecehy- 
moses. Hemodynamic reactions. vein cramp and thrombophlebitis following 
intravenous injection. Cardiovascular reactions: rare cases of cardiac arrhyth- 
mias, reflex tachycardia, chest pain, cyanosis, hypertension, hypotension, 
peripheral vasodilatation, shock, and cardiac arrest. Renal reactions: occasion- 
ally, transient proteinuria, and rarely, oliguria or anuria. Allergic reactions: 
Asthmatic attacks, nasa! and conjunctival symptoms, dermal reactions such as 
urticaria with or without pruritus, as well as pleomorphic rashes, sneezing and 
lacrimation and, rarely, anaphylactic reactions. Rare fatalities have occurred, 
due to this or unknown causes. Signs and symptoms related to the respiratory 
system: pulmonary or laryngeal edema, bronchospasm, dyspnea; or to the 
nervous system: restlessness, tremors, convulsions. Other reactions: flushing, 
pain, warmth, metallic taste, nausea, vomiting, anxiety, headache, confusion, 
pallor, weakness, sweating, localized areas of edema, especially facial cramps, 
neutropenia, and dizziness. Rarely, immediate or delayed rigors can occur, 
sometimes accompanied by hyperpyrexia. Infrequently, “iodism” (salivary gland 
swelling) from organic iodinated compounds appears two days after exposure 
and subsides by the sixth day. 

CONSULT PACKAGE INSERT FOR A MORE DETAILED DISCUSSION OF 
ADVERSE REACTIONS to both intrathecal and intravascular use of 
OMNIPAQUE. 

DOSAGE AND ADMINISTRATION: CONSULT FULL PACKAGE INSERT 
BEFORE USE. Details on dose, concentration, and administration are provided 
for each of the indicated procedures. 


HOW SUPPLIED: OMNIPAQUE is available in the following packaging and 
concentrations, requiring no dilutions or reconstitution: 

Vials of 10 mL, 180 mglI/mL, boxes of 10 (NDC 0024-1411-10) 

Vials of 20 mL, 180 mgI/mL, boxes of 10 (NDC 0024-1411-20) 

Vials of 10 mL, 240 mgl/mL, boxes of 10 (NDC 0024-1412-10) 

Vials of 100 mL, 240 mgI/mL, boxes of 5 (NDC 0024-1412-15) 

Bottles of 200 mL, 240 mgI/mL, boxes of 5 (NDC 0024-1412-25) 

Vials of 10 mL, 300 mgI/mL, boxes of 10 (NDC 0024-1413-10) 

Vials of 30 mL, 300 mgI/mL, boxes of 10 (NDC 0024-1413-30) 

Vials of 50 mL, 300 mgI/mL, boxes of 10 (NDC 0024-1413-50) 

Vials of 100 mL, 300 mg!I/mL, boxes of 5 (NDC 0024-1413-15) 

Vials of 50 mL, 350 mgl/mL, boxes of 10 (NDC 0024-1414-50) 

Vials of 100 mL, 350 mg!/mL, boxes of 5 (NDC 0024-1414-15) 

Bottles of 200 mL, 350 mgI/mL, boxes of 5 (NDC 0024-1414-25) 
MYELO-KIT™ containing: One vial of 10 mL, 180 mgl/mL, and one sterile 
myelogram tray, boxes of 5 (NDC 0024-1411-05) 

MYELO-KIT™ containing: One vial of 20 mL, 180 mglI/mL, and one sterile 
myelogram tray, boxes of 5 (NDC 0024-1411-51) 

MYELO-KIT™ containing: One vial of 10 mL, 240 mgI/mL, and one sterile 
myelogram tray, boxes of 5 (NDC 0024-1412-05) 
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Now up to 60% less E 
patient exposure with : 
optimal diagnostic detail 





Reduce radiation up to 6 





Use the Du Pont Pediatric Radiography System — 


Radiation exposure is reduced — 
first with the OPTIMATCH film/ 
screen combination ... then with 
cassettes of KEVLAR aramid fiber 
— a total reduction of up to 60% 
at 50kVp! Below 70kVp, conven- 
tional Rare Earth Screens undergo a 
marked falloff in light output. But not 
QUANTA Detail and QUANTA Fast 
Detail Screens. Their patented, high 
density, yttrium tantalate phosphor is 
25% more efficient at low kVp levels, 


commonly used for neonatal imaging. 


And this light is in the UV spectrum 
that optimally matches the sensitivity 
of CRONEX® films — providing 
higher detail imaging. That’s why we 
call it OPTIMATCH. 

At low kVp levels, conventional 
cassettes actually “steal” radiation 
(absorbing over a third of the rays so 
they never reach the film) while the 
Du Pont cassettes of KEVLAR are so 
radiation “transparent” that they al- 
low 87% of the rays through, permit- 
ting much shorter exposures. 








% — Gain maximum detail 
IPTIMATCH film/screens plus cassettes of KEVLAR’ 


= Result: more than twice the mo- Arrange for a demonstration of this 
tion-stopping speed with optimal extraordinary reduced radiation system 
diagnostic detail. today... 
Even compared to most 400-speed Call 800/527-2601 or 
systems, the Du Pont Pediatric Radi- send in the coupon now. 
fees oystem allows SMOrterexX- a a 
posures, while producing measurably [ Du Pont Company 


Room G-50358 


sharper diagnostic images. Because 
Wilmington, DE 19898 


you can use less than half the ex- 
posure time of competitive 250- 
speed film/screen systems, you re- 
duce repeats due to patient motion. 
Fewer “blurrographs!” 


Please contact me to arrange a demonstration of the 
Du Pont Pediatric Radiography System. 
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TITLE 
HOSPITAL 
ADDRESS 
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Reduce exposure up to 60% 
with the Du Pont Pediatric 
Radiography System 


OPTIMATCH film/screens 
Plus 
cassettes of KEVLAR® 


|] Twice the motion-stopping speed 
L] Highest diagnostic detail 





SUBSCRIPTION QUESTIONS 
OR PROBLEMS? 


Call us on our free line, 1-800-638-6423 
to get your problem solved. In Maryland 
call 528-4105 collect. 


We can help you most efficiently if the 
mailing label from your latest issue is in 


front of you when you call. If the prob- 
lem concerns your payment, please 
have your canceled check in front of 
you so that we can solve the problem 
over the pnone. For speedier service, 
refer to the six digit number at the end 
of tne top line of your address label. 


Subscription Fulfillment Department 
Williams & Wilkins 
428 East Preston Street O 
Baltimore, Maryland 24202 





WALL 
CASSETTE 
HOLDER 


fee Easy to use: Simply 
t 
Cr 


slide the Cassette 
into the track. Unique 

It's 0 Ñ 

SnaP ‘4 


S&S flipper design en- 
ables change of Cassette 
size with flip of a finger. 


to USE: 
For large and small X-Ray rooms. 
Built for “Hospital-duty” use—— 


but priced for the small X-Ray user. 


FEATURES: Sturdy box girder 
construction, nylon bearings, dual 

lock system, constant torque counter- 
balances end Extra-Heavy plated steel 
tubes. Requires very minimum of tech- 
nician’s time. Increases productivity 
Complies with DHEW Regulations. 


FOR 14x17 


and/o 


17x14, 10x12 
8x10 CASSETTES. 


COMPATIBLE with 


COLLIMATORS HAVING 
(PBL) POSITIVE BEAM 


LIMITING ABILITY. 


on request. 


SOLC BY LOCAL 
X-RAY DEALERS 


87-93 JAY STREET. BROOKLYN. N.Y. 11201 





Telephone: 718-852-6900 (800) 221-6634 
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Two step film control 


Minimize X-ray exposure. Optimize image quality. Stabilize film 
processor performance, film speed and contrast. Quickly. Easily. 























The Tobias Model RF The Tobias 
Wejex Sensitometer Model TBX Digital 
S Densitometer 





Produces a precise 11-step wedge exposure 
on your X-ray film. Exposure made just 
before processing eliminates latent image 
fade problem.* Features: Precise shutter 
exposure control. Variable lamp intensity. 
Provisions for 2” 2” ANSI blue, green or 
other filters, double sided exposures, 8”x 10” 
and 35mm test film alignment. And more. 


Measures optical transmission 
density of the Wejex-exposed step 
wedge over a density range of 0 
to 4.50. Accuracy +0.02. 
Repeatability + 0.01. State-of-the- 
art electronics. Lighted digital 
display. 5 second warm up. Easily 
portable. Virtually no zero drift. 





“Lawrence, D.J.: A Simple Method of Processor Control, 
Med. Rad. and Photog. 49, 2-6, 28, 1973 (Reprints available 
on request) 
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Mode! RF 
Also available i ya\TOSIAS ASSOCIATES, inc. 
p oe egg 50 Industrial Drive, P.O. Box 2699, Ivyland, PA 18974, (215) 322-1500 


Name 
Title/Organization 


Send literature on the Wejex Sensito- 
meter and TBX Densitometer. 


Please send me a copy of DJ. 
Lawrence's “A Simple Method of 





Processor Control.” Address = 
i . Tell me more about your 30 day free City — —— State 
For a demonstration, call your Tobias dealer. trial policy. Zip = Tel o 


Or write for our brechure. Ask about our 30 day free trial 
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SIEMENS 





The compact, sophisticated X-ray system 
that shrinks space requirements—and the 
cost of construction or renovation. 





e With building costs reaching 
a $120 per square foot, 
. consider the Space Saver. 


> Pe When you combine the MULTIX® radiographic table 
ee E with the POLYPHOS® 30 X-ray generator, there’s no 
stand-alone high tension transformer. No electronics 
cabinet. And no high tension cable runs to take up 
valuable space. Because this system consolidates all 
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functions within the table and generator, you can 
reduce the size of your new X-ray room by nearly one- 
half...a big savings at today’s prices. 


And with only two units to install, with all electrical 
interconnections via plug-in cables, and with generetor 
operation from a standard single phase 220V power 
supply, you can also save money and time on installation. 


Consider, too, that the POLYPHOS is not an ordinary 
single-phase generator. It’s a high-frequency generator 
that delivers outstanding image quality with minimal 
dose. It actually achieves three-phase radiation quality 
from a single-phase power supply. Result: 60% more 
useful radiation and a corresponding 40% reduction in 
exposure time—which means sharper films. And it’s 
so dependable, we back it with a full replacement 

1 year tube warranty. 


Space. Time. Cost. Quality. Major factors in planning a 
radiographic room. All optimized by the Space Saver 
system. Want the details of how it will work for you? 
Contact your local Siemens representative or: 





Siemens Medical In Canada: 

Systems, Inc. Siemens Electric Ltd. 

186 Wood Avenue South 1180 Courtney Park Drive 
Iselin, NJ 08830 Mississauga, Ontario L5T 1P2 
Siemens... 


technology with integrity. pasate is 


SeX 
fe) ND Š 
TN 
ON a o9 P c2 e 
j pie on nce oo 
on ow í 
g NE oe x0" | 
; xo oot We l 
N WW 
sil ‘ ) 
KOS (O° on an SNo* xt 
ane SO WET LOO 
ono" bo 
ON “oN he ae! 
ve 





©) J) r 
ji 
A [Gs eo We’ 


i x N OW 
fà available: 
> anew 
A nonionic 





l 


Squibb Diagnostics 

has improved contrast media 
where the need for 
improvement was greatest. 
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New for peripheral arteriography 





Squibb Diagnostics introduces 


ISOWGE -200 


jopamidol injection ól 


Nonionic contrast media that causes less 
pain than a leading ionic agent. 






> With Isovue, patients found 
procedures less painful; physicians 
saw fewer signs of distress 


Isovue-300 is low in osmolality— 616 mOsm/kg water. 
Using a visual analog scale, patients undergoing 
peripheral arteriography ranked their pain from “no 
pain” to “the worst pain | ever had.” On a linear scale 
from zero to 12.4 cm, the mean pain rating for 99 
patients given a total of 155 injections of Isovue-300 
was 2.3 cm compared with 6.3 cm for 97 patients 
given a total of 144 injections of the ionic agent dia- 
trizoate meglumine and diatrizoate sodium 52%/8"%. 
By observing signs of distress, such as movement 
and/or vocalization, physicians ranked patient distress 
as being absent, mild, moderate, or severe. When 
lsovue was cempared with diatrizoate meglumine and 
diatrizoate sodium 52% /8%, the number of injections 
judged to cause severe distress was 2/299 (1%) com- 







X 


pared with 23/293 (8%); moderate distress, 13/299 
(4%) compared with 58/293 (20%); mild distress, 
59/299 (20%) compared with 94/293 (32%); and no 
distress, 225/299 (75%) compared with 108/293 
(37%), respectively. 

As with all injectable contrast agents, the possi- 
bility of severe reactions should be borne in mind. 
(See brief summary of prescribing information on the 
last pages of this advertisement for a discussion of 
CONTRAINDICATIONS, WARNINGS, PRECAU- 
TIONS, and ADVERSE REACTIONS.) 





lopamidol injection 
Nonionic. Low in osmolality. 
Also for cerebral and 
selective visceral arteriography; 


aortography; intravenous CECT 
head and body imaging. 


SQUIBB" 
Diagnostics 
For brief summary of prescribing information, 
see last pages of this advertisement. 
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DESCRIPTION—ISOVUE (lopamidol injection) is a nonionic radiopaque contrast me- 
dia for agnostic use. The formulations are stable, aqueous, sterile, and nonpyrogenic 
solutions for intravascutar administration. Each mL of SOVUE-300 (opamido! injec- 
tlon 61%) provides 612 mg lopamidol with 1 mg tromethamine and 0.39 mg edetate 
caicium disodium. The solution contains approximately 0.037 mg (0.002 mEq) so- 
dium and 300 mg organically bound iodine per mL. Each mL of ISOVUE-370 flopamidot 
injection 76%) provides 755 mg jopamidol with 1 mg tromethamine and 0.48 mg edetate 
calcium disodium. The solution contains approximately 0.046 mg (0.002 mEq) so- 
dium and 370 mg organically bound iodine per mL The pH has been adjusted to 6.5 to 
7.5 with hydrochloric acid. 


CONTRAINDICATIONS—None. 


WARNINGS—Use caution in patients with severely impaired renal function, combined 
renal and hepatic disease, or anurta, particulary when larger doses are administered. 
Radiopaque diagnostic contrast agents are potentially hazardous in patients with mui 
tiple myeloma or other paraprote!nemia, particularty In those with therapeuticalty re- 
sistant anuria. it has been speculated that the combination of the contrast agent and 
dehydration may be causative of anuria In myelomatous patients. This risk Is not a 
contraindication; however, special precautions are required. Contrast media may pro- 
mote sickting In Individuals who are homozygous for sickle cell disease when Injected 
intravencusty or intraarterially. Administration to patients known or suspected of haw- 
Ing pheochromocytoma should be performed with extreme caution. H the possible 
benefits cutweigh the considered risks, the procedures may be performed; however, 
the amount of the medium Injected should be kept to an absolute minimum. Assees 
blood pressure throughout the procedure and have measures for treatment of a 
hypertensive crisis avallable. Monitor such patients very closely. Uae caution In pa- 
tents with hyperthyroidism or with an autonomously functioning thyroid nodule be- 
cause of risk of thyroid storm. 

PRECAUTIONS: General—Diagnostic procedures shouid be carried out under the 
direction of personnel with the prerequisite training and a thorough knowledge of the 
particular procedure to be performed. Appropriate facilities shouid be available for 
coping with any complication of the procedure, or for emergency treatment of severe 
reaction to the agent itseit. After parenteral administration, competent personnel and 
emergency faciitties should be avallable for at least 30 to 60 minutes since severe 
delayed reactions may occur. Preparatory dehydration is dangerous and may con- 
tribute to acute renal fallure In susceptible patients. Patients should be well hydrated 
prior to and following administration. Reactions to the medium, Including serious, ffe- 
threatening, fatal, anaphylactotd or cardiovascular reactions, should always be con- 
sidered (see ADVERSE REACTIONS in the product package Insert). Patients at 
Increased risk Include those with a history of a previous reaction to a contrast me- 
dium, a known sensitivity to iodine per se, and a known ciinical hypersensitivity bron- 
chial asthma, hay fever, and food allerglee). Pretesting cannot be relled upon to predict 
severe reactions and may itself be hazardous for the patient. A thorough medical 
history with emphasis on alergy and hypersensitivity prior to the Injection of any 
comrast medium may be mors predictive and accurate than pretesting. Premedication 
with antihistamines or corticosterolds to avotd or minimize possible allergic reactions 
in such patients should be considered. Generali anesthesia may be Indicated In some 
procedures In selected patiems; however, a higher Incidence of adverse reactions 
has been reported in anesthetized patients, which may be attributable to the inability 
of the patient to Identify untoward symptoms, or to the hypotensie effect of anesthe- 
sia which can reduce cardiac output and Increase the duration of exposure to the 
agent. Evan though the osmolality is low compared to diatrizoate or kethalamate based 
ionic agents of comparable iodine concentration, the potantial transitory increase in 
the circulatory osmotic load in patients with congestive heart failure requires caution 
during injection. Observe these patients for several hours following the procedure. In 
anglographic procedures, be aware of the possibility of dislodging plaques or dam- 
aging or perforating the vessel wali during catheter mantpulations and contrast me- 
dium injection. Test Injections to ensure proper catheter placement are suggested. 
Perform selective coronary arteriography only in those in whom the expected benefits 
outwelgh the procedural risk. The Inherent risks of ang/ocardiography in patients with 
chronic pulmonary emphysema must be weighed against the necessity for 

ing thls procedure. Angiography should be avoided whenever possible In patients 
with homocystinuria, because of the risk of inducing thrombosis and embolism. 
Drug Interactions—Renal! toxicity has been reported In a few patients with fiver dys- 
function who were given oral cholecyatographic agents followed by intravascular con- 
trast agents. Administration of Intravascular agents shouk! therefore be postponed In 
any patient with a known or suspected hepatic or billary disorder who has recently 
received a cholecystographic contrast agent Other drugs should not be admixed 
with fopamidol. 

Drug/Laboratory Test Interactions—PB! and radioactive iodine uptake studies will 
not accurately reflect thyrotd function for up to 16 days following administration, how- 
ever T3 resin uptake and tota! or free thyroxine (74) assays are not affected. 
Carcinogenesis, Mutagenesis, lmpalment of Ferlifity—in animal reproduction stuc+ 
las performed on rats, Intravenctisly administered jopamidol did not Induce adverse 
effects on fertility or ganeral reproductive performance. in studies to determine muta- 
genic activity, lopamido! did not cause any increase In mutation rates. 

Category B—No teratogenic effects attributable to opamidol have been 
observed in teratology studies performed in animais. There are, however, no ade- 
quate and well controlled studies In pregnant women. It is not known whether lopamidol 
orosses the placental barrier or reaches fetal tissues, Because anima! studies are not 
ahways predictive of human response, this drug should be used during pregnancy 
only if clearly needed. Radiologic procedures involve a certain risk related to the 
exposure of the fetus to lonizing radiation. 

Labor and Delivery—it is not known whether use during labor or delivery has immedi- 
ate or delayed adverse effects on the labor, the delivery or the newborn. 

Nursing Mothers—it is not known whether ljopamidoi is excreted in human milk. Use 
caution when contrast media are administered to nuraing women because of poten- 
tiai adverse reactions; consideration shouid be given to temporarily discontinuing 
nursing. 

Pediatric Uee—Safety and effactivenses in chiidren have not been established. 
ADVERSE REACTIONS —Usua!ly mild to moderate, se!fimited and transient. In anglo- 
cardiography (597 patients), the adverse reactions with an estimated Incidence of one 
percent or higher are: hot flashes 3.4%; angina pectoris 3.0%; flushing 1.8%; brady- 
cardia 1.3%; hypotension 1.0%; hives 1.096. Intravascutar injection is frequently associ- 
ated with the sensation of warmth and pein, sepectally in peripheral arterfography, pain 
and warmth are fess frequent and less severe with ISOVUE (lopamido! Injection) than 
with dlatrizoate meglumine and dilatrizoate sodium Infection. The following table of 
incidence of reactions ts based on clinical studies with ISOVUE in about 1760 patients. 


thrombophlebitis 
Nervous paln (2.2%) 
burning zensation (1.4%) tingling in arms 


Digestive 


Resplratory none 


nausea 1.2%) 


dyspnea 
Skin and Appendages none rash 


Body as a Whole hot flashes (1.5%) 


Special Senses none taste alterations 

warmth In throat/arms/chest 
nasal congestion 

visual disturbances 


Urogenital none urinary retention 


Regardless of the agent employed, overall estimated Incidence of serious adverse 
reactions is higher with coronary arteriography than with other procedures. Cardiac 
decompensation, serious arrhythmias, or myocardial lechemia or Infarction may oc- 
cur during coronary arteriography and left ventriculography. Following coronary and 
ventricutar injections, certain electrocardiographic changes (Increased OTe, increased 
R-R, T-wave amplitude) and certain hemodynamic changes (decreased systolic 
sure) occurred lees frequently with ISOVUE (fopamidol Injection) than with di 
meglumine and dlatrizoate sotem njection; increased LWEDP occurred teas T. 
after ventricular lopamidot Injections. In aortography, the risks of procedures algo .. 
inctude injury to the aorta and ne ghboring organs, pleural puncture, renal damage 
Including infarction and acute tutular necrosis with oliguria and anuria, accidental 
selective filling of the right renal artery during the transiumbar procedure in the preg- 
ence of preexisting rena! disease, retroperttonea! hemorrhage from the translumbar 
approach, and spinal cord injury and pathology associated with the syndrome of 
transverse myellis. Adverse effeccs reported in Mterature Include arrhythmia, arterial 
spasms, hematuria, periorbital edema, involuntary leg movement, malaise, and 
triggering of deglutition; some of these may be procedural Other reactions due to 
procedural hazards Include hemorrhage or pseudoaneurysms at the puncture site, 
brachla! plexus palsy following axillary artery Infections, chest pain, myocardial 
infarction, and transient changes in hepatorenal chemistry tests; and rarely arterial 
thrombosis, dleplacement of arte-lal plaques, venous thrombosis, dissection of the 
coronary vessels and transient sinus arrest. 

General Adverse Raactions To Contrast Media—Reactions known to occur with par- 
enteral administration of iodinated tonic contrast agents (see the listing below) are 
possible with any nonionic agent Life-threatening reactions and fatalities, mostly of 
cardiovascular origin, have occurred. Reported incidences of death from the admin- 
istration of other lodinated contrast media range from 8.6 per 1 milijon (0.00066%) to 1 
in 10,000 patients (0.01%). Foreign experience in approx. 2.4 million patients receiv- 
Ing Joparmnido! suggest a lower risk of mortality. Moat deaths occur during Injection or 
5 to 10 minutes later, the main feature being cardiac arrest with cardiovascular dis- 
ease as the main aggravating factor with isolated reports of hypotensive collapse and 
shock (est. 0.005%), Experience with ijopamido! suggests there Is much less discom- 
fort {e.g., pein and/or warmth) with peripheral arteriography. Fewer changes are noted 
In ventricutar function after ventriculography and coronary arteriography. The reported 
incidence of adverse reactions to contrast media in patients with a history of allergy is 
twice that for the general population; patients with a history of previous reactions to a 
contrast medium are three times more susceptible. Most reactions to Intravascular 
contrast agents appear within 1-3 minutes after the start of injection, but delayed 
reactions may occur (see PRECAUTIONS, General). Adverse reactions reported with 
other Intravascular contrast agencs and theoretically possible with lonamidol inctude: 
Cardiovascufer; vasodilation, cerebra! hematomas, pebechiae: Nervous: paresthesia, 
dizzineas, convulsions, paratyslc, coma; Respiratory: increased cough, asthma, le- 
ryngea! edema, pulmonary edema, bronchospasm, rhinitis; Skin and Appendages: 
Injection site pain usually due to extravasation and/or erythematous swelling, skin 
necrosis; Urogenital: osmotic nephrosis of proximal tubular cells, rena! failure, pain; 
Speciali Senses: bilateral ocular Irritation; kacrimation; conjunctival chemosis, Infec- 
tion, and conjunctivitis; Other: neutropenia, thrombophlebitis, fushing, pallor, weak- 
ness, severe retching and chokirg, wheezing, cramps, tremors, and sneezing. 
OVERDOSAGE- Toatmont is directed toward the support of all vital functions, and 
prompt Institution of symptomatic therapy. 

HOW SUPPLIED_JSOVUE-300 (fopamidal Infection 61%) and ISOVUE-370 (lopamidol 
injection 76%) In cartons of tan SO mL single dose vials, and ten 100 mL single dose 
vials. ISOVUE-376 is also available in cartons of ten 200 mi. single dose vials. 


For full prescribing Information coneult package Insert. (J3-652B) 
Under license from Bracco Industria Chimica S.p.A U.S. Patent #4,001,323 


© 1986 E.R. Squibb & Sons, inc., Princeton, NJ 08540 645-504 Issued: February 1986 
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American Roentgen Ray Society: 
Officers, Committees, and Meeting Information 


Officers 


President: Jerome F. Wiot 

President- elect: Raymond A. Gagliardi 
1st Vice-president: Lee F. Rogers 

2nd Vice-president: Gerald D. Dodd 
Secretary: Glen W. Hartman 


Executive Councit E. Gedgaudas, J. F. Wiot, L. F. Rogers, 
R. A. Gagliardi, R. G. Evens, R. N. Berk, F. L. Angell, J. E. 
Madewell, M. P. Capp, G. W. Hartman, B. G. Brogdon, G. A. 
Kling, H. C. Carlson, A. K. Poznanski, A. E. James, Jr., J. A. 
Kirkpatrick, Jr., G. F. Leopold, G. D. Dodd, J. T. Ferrucci, Jr., 
R. H. Troupin, chairman 


Committees 1986-1987 


Editorial Policy: S. S. Sagel, W. J. Casarella, J. T. Ferrucci, Jr., 
N. C. Whitley, S. Hilton, A. J. Davidson, J. M. Taveras, R. N. Berk, 
M. P. Capp, chairman 


Education and Research: C. E. Putman, A. R. Margulis, J. R. 
Thornbury, R. A. McLeod, J. T. Ferrucci, Jr., ex officio, B. G. Brogdon, 
chairman 


Finance and Budget: B. P. Wood, L. R. James, J. A. Kirkpatrick, Jr., 
A. E. James, F. L. Angell, chairman 


instruction Courses: R. A. McLeod, associate chairman, J. T. Fer- 
rucci, Jr., chairman 


Program: J. Wiot, G. W. Hartman, J. A. Kirkpatrick, Jr., R. H. Troupin, 
M. P. Capp, J. E. Madewell, B. G. Brogdon, J. T. Ferrucci, Jr., G. A. 
Kling, G. G. Ghahremani, M. Viamonte, R. A. Gagliardi, chairman 


Publications: W. J. Casarella, J. T. Ferrucci, Jr., S. S. Sagel, N. C. 
Whitley, M. P. Capp. chairman 


Scientific Exhibits: S. G. Kirchner, A. V. Proto, S. M. Goldman, J. E. 
Madewell, chairman 


Nominating: W. J. Casarella, H. C. Carlson, A. E. James, chairman. 
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Representatives to Other 
Organizations 


American Board of Radiology: E. C. Klatte, R. W. McConnell, L. F 
Rogers 


American College of Radiology: J. L. Gwinn. G. A. Kling, G. W. 
Hartman, J. M. Dennis, E. J. Ferris, J. E. Madewell 


American Medical Association House of Delegates: S. F. Ochsner, 
K. C. Krabbenhoft, alternate 


American National Standards Institute: M. Haskin 


National Council on Radiation Protection and Measurements: 
E. L. Saenger, H. L. Friedell 


Meetings, Membership, Business 
Information 


Annual Meetings: April 26-May 2, 1987, Fontainebleau- 
Hilton, Miami Beach; May 1-6, 1988, Westin Bonaventure. 
Los Angeles; May 7-13, 1989, Hilton, New Orleans. 


Director Annual Meeting: George A. Kling, Harper Hospital, 
Detroit, MI 48201 


ARRS Membership: Rosalind H. Troupin, Dept. of Radiology. Hospita! 
of University of Pennsylvania, 3400 Spruce St., Philadelphia, PA 
19104. The ARRS has two membership categories: active and in- 
training. For active membership, applicants must practice radiology 
in the U.S. or Canada. Each must have graduated in good standing 
from an approved medical school or hold an advanced degree in a 
physical, chemical, or biological science and be certified by the 
American Board of Radiology, the Royal College of Physicians and 
Surgeons of Canada, or otherwise adequately Gocument training and 
credentials. A member-in-training must be in a radiology resicency, a 
postresidency fellowship program, or a postgraduate student in an 
allied science. Status must be verified by the program director. For 
consideration during the 1987 ARRS meeting, completed applications 
must be received by Dr. Troupin no later than Feb. 1, 1987 


Business Office: Paul Fullagar, executive director, George J. O'Hop, 
controller, American College of Radiology, 1891 Preston White Dr., 
Reston, VA 22091. 
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Complete in-service training. 


Our technical representatives are available to train 


ost | X-rays. your nursing staff in using the E-Z-EM Prep System. 
va 1 7 The entire program is available on videotape 
-O -ept behind and in print, with emphasis on 










patient motivation as 
well as proper 
procedure. 


'‘E-Z-EM Prep 
‘ep Ii kits. 


Physician's Orders 
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E Effective cleansing @ Patient comfort W Ease of use 
E Minima! storage requirements ™ No breakage. 


For free samples and additional information, 
contact your local representative, 
or call E-Z-EM toll-free at 800-645-3052. 
In New York call 516-333-8230. 


F-7-EM® E-Z-EM, Inc. 
7 Portland Avenue 
Westbury, NY 11590 


A complete 
Ei ae prepping system for the 
ia a cost of a prep kit. 


And Our check-off lists are available in E-Z-EM Prep: Catalog No. 3070 (Packaged 50 kits/carton) 


E-Z-EM Prep ll: Catalog No. 3072 (Packaged 48 kits/carton) 
several lang uages, tOO. E-Z-EM Magnesium Citrate: Catalog No 3075 (Packaged 100 packets/carton) 


Clear clean, ci 








Not just a prep, 
but a prepping system. 


The first thing we did was change the way we 
thought about the prepping procedure. We realized 
that proper and thorough bowel cleansing means 
more than just supplying a series of laxative 
oroducts. It involves staff training, 


patient motivation 

and careful iF 
consideration wo 103613970" EN | 
of every step Oa \ 
in the proce- | 
dure. That's 

why our prep 

kits are only part 

of a comprehen- 
sive system, one 
specifically aimed 
at increasing the 
effectiveness of 
the entire bowel 
cleansing program. 








A good-tasting 
Magnesium Citrate. 


Poor patient compliance is a major cause of 
improperly cleansed colons. Our Magnesium 
Citrate was developed to significantly reduce this 
problem. 


E-Z-EM Magnesium Citrate, a safe, gentle, and 
thorough laxative, has a pleasant orange flavor. In 
fact, it tastes more like a breakfast drink than a 
laxative. What's more, it contains no alcohol and it's 
low in sodium. It's packaged in single dose, foil- 
wrapped packets which eliminate breakage and 
greatly reduce storage requirements. 
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Two complete prep kits. 


The E-Z-EM Prep System is thorough. In addition to 
Magnesium Citrate, each E-Z-EM Prep kit includes 
two enteric coated Bisacodyl tablets 
and one Bisacodyl suppository. pnysy 
Along with our gentle hydration oe 
regimen, these components effectively 
cleanse the small bowel, colon, and pa 
recto-sigmoid area. The entire prep 
kit comes in a convenient 
cardboard folder no larger than o Bre 
a thin paperback book. b 


When a cleansing enema is desired, 
the E-Z-EM Prep Il kit is available. 

It replaces the suppository with an 
enema bag. 


Several schedules, 
im several languages. 


Because we've considered patient 
comfort first, E-Z-EM recommends a 
24-hour prepping schedule for use with 
both our prep kits. And each kit comes 
with a handy check-off list to simplify 
administering the prep. When a faster 
prep Is necessary, Our kits can accomplish a 
thorough, safe cleansing using a condensed 
schedule and increased hydration. 





Control the future 
of your practice 





Editor: Marcel Frenkel, MD, MBA 


A new ens hg you the management 
skills you need to pull ahead 


Right now you need information on some 
important topics that weren't covered in medical 
school. Topics that are having a profound impact 
on private practice and hospital-based physicians 
across the country. 

Like competition from HMOs. Industrialization of 
medicine. The sheer number of physicians compet- 
ing for your patients. Increasing costs. 

You know the issues. What you need to know is 
the best way to face them so your practice-will 
flourish in years to come. 

And that’s where The Journal of Medical Practice 
Management comes in. 


Keep up with the issues that are changing 
your way of practice forever 

The Journal of Medical Practice Management 
is a new quarterly publication that covers your 
concerns...issues affecting the way you practice 
- now — and the way you'll practice in the future. 

Four times a year, an expert editorial board 
headed by Dr. Marcel Frenkel brings you concise, 
readable coverage of today’s issues and tomorrow's 
trends. 

You'll find departments covering ® office proce- 
dures and management è malpractice « marketing 
e manpower @ computers ¢ taxation e legal and 
legislative affairs © and health policy. 

You'll also find pertinent features like the 
Washington Report, telling you what's up in the 
nation’s capital and how it affects you...a Letter 
from Abroad, offering perspectives on how physi- 
cians are handling health care issues in other 
countries...and profiles of profit and not-for-profit 
health care delivery systems. 


A multidisciplinary editorial board 

Members of the editorial board for The Journal 
of Medical Practice Management have been care- 
fully chosen for their knowledge of the manage- 
ment aspects of practicing medicine. These 
experts, many with experience in more than one 
field, give you the perspectives you need from 
medicine, law, management, government, and 
education. 


You can control the future of your practice 

The issues you can't afford to ignore are in The 
Journal of Medicai Practice Management. It’s a lot 
of information for a little money. And that’s good 
business for you. 


Reserve your charter subscription today! 


Just return the attachsd coupon, or call our 
FREE number, 800-638-6423, from anywhere in the 
US except Alaska and Hawaii. In Maryland, cali 
528-4105 collect. Quarterly 


Williams & Wilkins 


428 East Preston Street 
Baltimore, Maryland 21202 


266 Fulham Road 
London SW109EL Engiand 


YES, | want to control the 
future of my practice! 


Please enter my subscription to The Journal of 
Medical Practice Management (quarterly) 

( Individuals and Institutions $40 

All subscribers: add $10 outside the U.S. 


[I Check enclosed O Bill me 
0 MasterCard O American Express O VISA 


Card # Exp. date 


Signature 
Name 
Address 


City/State/Zip 


Maryland residents add 5% sales tax. Subscriptions 
outside the US must be prepaid. Ail subscriptions must be 
paid in US dollars. Rates valid through April 30, 1987. 


Pisase allow 8 weeks for delivery of your first issue, up to 
16 weeks for surface delivery outside the US. Airmail rates 
available on request. 


Williams & Wilkins 


P.O. Box 1496 
Baltimore, Maryland 21203 


266 Fulham Road 
London SW10 9EL England 
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ELEMA-SCHONANDER 





PUCK® Filmchangers, 4 exp/sec. 


Model UD4...position-inaependent, 
for multi-directional examination units. 


Model U4 for a.p. and lateral projections. 


Long useful life 


is built into every Elema-Schonander 
angiographic filmchanger system. 


The two PUCK filmchanger systems also today’s generation of AOT Elema-Schonander, Inc. 
shown below—still in frequent use— and PUCK filmchangers. 2360 North Palmer Drive 
are but two of many examples of : P.O. Box 94517 
y ples o O The long useful life and dependa-  Schaumbura. IL 60195 

Elema-Schonander filmchanger sys- bility of Elema-Schonander aaea (312) 397-5900 
tems, werking dependably day after filmchanger systems translates j 
day, year after year, for ten. .. fifteen directly into lower cost per exami- 
years or more. nation. Together with excellent 
O The same quality of engineering, image quality, these and other 

material, workmanship and solid Elema-Schonander advantages 

construction demonstrated in have been proven again and 

these two examples, characterizes again over the years. 


elema-schonander 


Examples of Elema-Schonander filmchanger systems in frequent use for many years. 


The Sabbatsberg Hospital, Stockholm, Sweden Kaiser Foundation Hospital, Los Angeles, California 
PUCK U-% system in service since 1970. PUCK U-35 system in service since 1971. 


a ¿œ -œ ~~. 


“We committed to 
THOMSON-CGR 
because we got the 
best commitment 
from them” 


Morrison Chamberlin, C 
Hollywood Presbyterian 
Medical Center 


y 
©1986 THOMSON-CGR Medical Corporation %, 





“We started out with open minds. 
We said ‘show us what you can do for us: 
And THOMSON-CGR came out on top. 

They worked with us for over a year to 
design a new diagnostic imaging and oncol- 
ogy treatment center. Everything from 
Cath Lab and MRI to therapy. 

In all that time | never heard them put down 
a competitor’s machine. 

They sold us on what they had to offer. 

> Competitive image quality and pricing. 
Guaranteed uptime and service. 
And delivery dates we could live with. 
I really like the way they do business.’ 


For more information call or write 
THOMSON-CGR, 10150 Old Columbia Road, 
Columbia, Md. 21046. (301) 964-6600. 
We’re THOMSON-CGR. We want you to know. 





49th Annual Course 


RADIOLOGY/86 
Gastrointestinal and Abdominal 
Imaging and Intervention 


September 8-12, 1986 
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PROGRAM TOPICS 

This year’s subject, Gastrointestinal and Abdominal Imaging and Interven- 
tion, will include topics devoted to stressing both conventional diagnostic 
techniques and advanced imaging modalities including nuclear, computed 
tomography and magnetic resonance scanning. There will be strong emphasis 
on interventional techniques in the abdomen including biopsy and drainage 
and biliary, angiographic and enteric procedures. In addition, one day will 
be set aside for prospective presentations in all subspecialty areas of radiology 
by the leaders in the field. 


GUEST SPEAKERS 
Drs. Harley Carlson, William Cassarella, Larry Elliott, Benjamin Felson, 
Joseph Ferrucci, Jr., Robert Fraser, Mathis Frick, R. Kristina Gedgaudas- 
McClees, Robert Heitzman, Hedvig Hricak, Stephen Kieffer, Igor Laufer, 
Richard Lester, Alexander Margulis, Gordon McLean, Harry Mellins, Mor- 
ton Meyers, Reed Rice, William Seaman, Robert Steiner, William Thompson, 
Eric Van Sonnenberg, and Joseph Whalen. 


FEES: $450. 
$225. (Resident/Fellow, Military, VA) 


ACCREDITATION: 28 hours Category 1, AMA 
DIRECT INQUIRIES TO: RADIOLOGY/86, Continuing Medical Educa- 


tion, University of Minnesota, Box 202, 420 Delaware Street S.E.. Minne- 
apolis, MN 55455; telephone (612) 626-5525. 
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SOUTHERN TROENDELAG COUNTY 


and 
UNIVERSITY OF TRONDHEIM 
NORWAY 


CHIEF OF MAGNETIC RESONANCE CENTER 
MEDICAL DIVISION 


RADIOLOGIST 


The Magnetic Resonance Center in Trondheim is recruiting for a Chief of its Medical 
Division. Responsibilities include administration of the clinical service and develop- 
ment of an academic program in research and teaching in Magnetic Resonance 
Imaging (MRI) and Magnetic Resonance Spectroscopy (MRS). To be eligible, can- 
didates must have a certification in radiology with preference in neuroradiology that 
would enable registration as a specialis- with the Norwegian Medical Association, and 
have scientific publications warranting the rank of Professor. The applicants should 
have clinical and research experience in MRI. Recruitment will continue until the 


position is filled. The application which is to include a curriculum vitae and a list of 


scientific publications should be forwarded to county executive Aage Rundberget, 
Southern Troendelag County. 7000 Trondheim, Norway. Further details: county 
executive Aage Rundberget. ilf. 47 7 526000. or dean Olav A. Haugen. Medical 
Faculty, University of Trondheim. tlf. 47 7 598664. or secretary of the board of the 
MR Center. dr. ing. Sigmund Kvernes. tlf. 47 7 598888. 


MR Center 


The MR Center is established in a separate building (1700 sq. meters) connected to 
the new cancer ward at the University Hospital and will be opened in late August. 
The Center contains two separate divisions. one for medical service and medical 
research run by the County with twa whole body Philips systems: 0.5 T for MRI 
medical service and 1.5 T for MRI and MRS medical research. and one division run 
by the Foundation of Scientific and Industrial Research at The Norwegian Institute 
of Technology (SINTEF). for basic and applied research in traditional MRS/MRI 
areas and in biotechnology. medical t2chnology, material research and information 
technology. This division has four Bruker MR systems: 2.4 T (40 cm) BMT: 11.7 T 
AM: 9.4 T WM: 2.4 T MSL. The Cen‘er will have a large computer (front end) with 
access to all the MR-systems. This computer will be connected to the supercomputer 
in Trondheim (Cray XMP/24). The medical staff will in the beginning include 3 
MDs and 3 MR operators/nurses and one MR technologist. The division for basic 
and applied MR research will have a minimum of 5 scientists (PhD level) with MRS 
background in chemistry and physics and 3 data/electronic engineers. There will be 
close cooperation between the two div sions, which will yield excellent opportunities 
for interdisciplinary research. 
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Coronary Thrombolytic 
Therapy: State of the Art 


Myron Marx" ° Ischemic heart disease remains a significant cause of morbidity and mortality in the 

David C. Levin’! United States. Thrombolytic therapy has given physicians the capability of limiting the 
amount of myocardial damage that occurs when there is an acute coronary artery 
thrombosis and resulting myocardial infarction. This review summarizes current con- 
cepts about action mechanisms of the major thrombolytic agents, the technique and 
clinical results of intracoronary thrombolytic therapy, intravenous vs intracoronary ad- 
ministration, postthrombolytic management of underlying coronary artery disease, new 
agents being developed, and directions for future investigations. 


Most transmural myocardial infarctions are due to acute coronary artery throm- 
bosis [1, 2]. Myocardial tissue dies because of an imbalance between the tissue’s 
oxygen demands and the ability of the regional circulation to meet those demands. 
Attempts have been made to ameliorate this imbalance by decreasing the oxygen 
demands of the myocardial tissue and by increasing blood flow to the threatened 
tissue. Emergency efforts to increase blood flow have fallen into two broad 
categories—surgical and medical. Surgical reperfusion may at times significantly 
reduce postinfarction mortality and morbidity. However, practical limitations (such 
as the cost of maintaining around-the-clock availability of operating rooms and 
cardiac catheterization laboratory facilities and staff, the long interval between 
onset of symptoms and the establishment of reperfusion, and the surgical and 
anesthetic morbidity and mortality) make widespread use of this technique unlikely 
in the future [1]. 

Intracoronary thrombolytic therapy has aroused a great deal of interest in the 
past few years as an alternative and even preferred method of cardiac reperfusion 
in the setting of acute coronary thrombosis. Numerous reports of this technique 
have appeared in recent years (see reference list), but few have been in the 
radiology literature. This review will summarize for radiologists the current concepts 
regarding mechanisms of action of the major thrombolytic agents, the technique of 
intracoronary thrombolytic therapy, clinical results of this technique, efficacy of 
intravenous versus intracoronary thrombolytic therapy, problems of postthrombo- 
lytic management of underlying coronary artery disease, and directions for future 
investigations. 


Receivee September 16, 1985; accepted after 
revision March 18, 1986 Clotting Mechanism and Thrombolytic Agents 
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? Present address: Dept. of Radiology, Pacific  CONversion of soluble fibrinogen to insoluble fibrin as a final common pathway. 
Presbyteriam Medical Center, P. O. Box 7999, San When fibrin precipitates, it entraps circulating blood elements forming a thrombus. 
yay CA 94120. Address reprint requests to The body has an endogenous fibrinolytic system that relies on soluble plasminogen, 

| | an inactive enzyme produced in the liver, which circulates in serum and can be 
AJR 147:1-8, July 1986 found d te within romb PI A ; dj i - 
0361-803%86/1471-0001 Ound as deposits within thrombus. Plasminogen is converted into the active 


© American Roentgen Ray Society enzyme plasmin by tissue plasminogen activator, which can be found in vascular 


2 MARX AND LEVIN 


endothelium. The conversion of plasminogen to plasmin by 
tissue plasminogen activator occurs primarily at the thrombus 
site. Plasmin is a proteolytic enzyme that degrades not only 
fibrin but a variety of other serum proteins. When plasmin 
enters the circulation it is rapidly inactivated by antiplasmins. 
Therefore, the endogenous fibrinolytic system causes local 
lysis of thrombus without producing a systemic lytic state. 

Streptokinase is a protein produced by the group C beta 
hemolytic streptoccocus. Upon injection streptokinase com- 
bines with plasminogen to form a streptokinase-plasminogen 
complex. This complex facilitates the conversion of uncom- 
plexed plasminogen to plasmin. When streptokinase is given 
systemically, it releases large amounts of plasmin that over- 
whelm naturally occurring antiplasmins. A systemic lytic state 
results. With long-term streptokinase therapy, circulating lev- 
els of plasminogen begin to fall and therapy cannot be contin- 
ued much beyond 72-96 hr. Streptokinase is also a protein 
for which many patients have circulating antibodies because 
of prior infections with the beta hemolytic streptoccocus. 
Because of these circulating antibodies, a bolus of streptoki- 
nase must be given initially to overwhelm these proteins. 
Allergic reactions can be seen with streptokinase infusion. 
Although these reactions are typically mild, they can be se- 
vere. 

Urokinase, another thrombolytic agent, is produced nor- 
mally by human renal tubular cells. It is excreted in the urine 
where it can be collected or can be obtained from human 
kidney cell tissue cultures. Urokinase directly induces the 
conversion of plasminogen to plasmin without the intermedi- 
ate step of forming an activator complex. Although urokinase 
is approximately five times as expensive per unit dose as is 
streptokinase, it has the advantage of being nonantigenic and 
therefore can be reused repeatedly in patients and does not 
require the administration of a loading dose. 


Indications for and Technique of Intracoronary 
Streptokinase 


The indications for intracoronary thrombolytic therapy in- 
clude patients who present with chest pain associated with 
ECG changes compatible with an acute myocardial infarction, 
namely persistent ST segment elevation. There must also be 
no strong contraindication to thrombolytic therapy (e.g., active 
internal bleeding, recent major surgery, trauma, or intracere- 
bral processes that are likely to bleed). 

Numerous protocols with countless modifications have 
been proposed: the following is the protocol described re- 
cently by Laffel and Braunwald [1]. First, baseline arterio- 
grams are obtained of both coronary arteries, and a left 
ventriculogram is performed if the patient’s condition permits. 
Patients are routinely anticoagulated with 5000 units of hep- 
arin when the coronary catheter is about to be advanced 
proximal to the origin of the great vessels. If a total or subtotal 
occlusion is detected supplying the portion of myocardium 
that was determined to be at risk via ECG, an attempt is 
made to determine if that lesion is being caused by spasm. 
This is accomplished by the intracoronary injection of nitro- 
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glycerin (0.1-0.5 mg). If the occluded artery then permits 
antegrade flow or if the subtotal occlusion is converted into a 
nonthreatening stenosis, no streptokinase is administered. 
However, partial reopening of a coronary artery does not 
necessarily mean that the occlusion was due to spasm. 
Spasm can occur around a thrombus that is loosely attached 
to the arterial wall, and some antegrade flow may be seen 
after vasodilatory therapy. 

In the vast majority of cases, in which spasm is not the 
primary factor, streptokinase is begun. The infusion is given 
through a standard angiographic catheter, although at some 
centers administration of streptokinase directly on top of the 
thrombus through a coaxial system is employed [3]. The 
advantage of this selective technique has not been demon- 
strated [1, 3]. Streptokinase is initially given as a bolus in a 
dose between 10,000 and 30,000 international units. This is 
followed by a continuous infusion of between 2000 and 4000 
units/min. The efficacy of treatment is determined angiograph- 
ically and clinically. Injections of contrast material are made 
every 15 min or if the patient develops an alteration in moni- 
tored parameters that suggests reperfusion. Clinical signs 
Suggesting coronary thrombolysis include rapid restoration of 
elevated ST segments toward their normal state, disappear- 
ance of chest pain and discomfort, early rise and peaking of 
creatine kinase CK-MB (10-12 hr rather than 18-24 hr), and 
the appearance of reperfusion arrhythmias, which although 
occasionally malignant are more typically benign and easily 
controlled using DC cardioversion or IV lidocaine [2, 4, 5]. 

The average time between onset of thrombolytic therapy 
and the angiographic demonstration of recanalization is 30 
min [6]. If streptokinase is discontinued as soon as antegrade 
flow is reestablished, however, there appears to be high rate 
of rethrombosis. Because of this, it is recommended that the 
infusion be continued for another 30 to 60 min after angio- 
graphic demonstration of recanalization until residual intralum- 
inal thrombi have been lysed. Further increase in lumen size 
with continued infusion supports this practice. At the conclu- 
sion of therapy the total dose of streptokinase is usually 
between 150,000 and 500,000 international units with the 
average being approximately 200,000 international units. 

If no thrombolysis is evident after 30 to 60 min, some 
physicians will continue the infusion until a total dose of 
250,000 international units has been given. Puncturing the 
thrombus with a wire may also be helpful if initial attempts at 
thrombolysis fail [2]. This has been found to be useful in the 
peripheral and visceral circulations but carries with it the risk 
of arterial dissection. 

Tennant et al. [7] treated 80 patients with acute myocardial 
infarctions in a prospective randomized double-blind study in 
which they administered either intracoronary urokinase at 
6000 units/min or intracoronary streptokinase at 2000 units/ 
min. They had a 60% recanalization rate with the urokinase- 
treated group and a 57% recanalization rate with the 
streptokinase-treated group. They found that bleeding com- 
plications occurred less than half as often with the urokinase- 
treated group. Although no controlled study has documented 
the efficacy of a therapeutic urokinase trial after streptokinase 
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Fig. 1.—Right coronary artery, left anterior 
oblique view. A, Occlusion of proximal right coro- 
nary artery.B, Immediately after successful throm- 
bolysis, severe stenosis seen at site of prior occlu- 
sion. 


Fig. 2.—Left coronary artery, right anterior oblique view. A, Occlusion of 
left anterior descending branch (arrow), immediately after origin of large first 
diagonal branch. B, Immediately after successful thrombolysis, tight residual 





failure, experience in the peripheral and visceral circulation 
suggests that this may be a reasonable alternative. 

After treatment the patient is transferred to the coronary 
care unit for close cardiac monitoring. The patient is main- 
tained in a fully heparinized state and many physicians will 
keep thew successfully recanalized patients on oral antico- 
agulants thereafter. Some physicians will also administer an- 
tiplatelet medication such as aspirin (5 gr four times a day) 
and dipyridamole (Persantine) (25-75 mg three times a day). 
Clinical examples of intracoronary thrombolytic therapy can 
be seen in Figures 1 through 3. Figure 1 demonstrates 
occlusion of a right coronary artery that, after thrombolysis, 
reveals an underlying tight atherosclerotic stenosis. Figure 2 
demonstrates occlusion of a left anterior descending coronary 
artery. After recanalization, a severe stenosis is found and 
reduced via percutaneous transluminal coronary angioplasty. 
Figure 3 shows occlusion of a left anterior descending coro- 
nary artery, which appears normal after thrombolytic therapy. 
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stenosis seen at site of prior occlusion (arrow). C, Immecately after angioplasty, 
there is minimal residual stenosis. 


Clinical Effects of Intracoronary Streptokinase on 
Coronary Blood Flow, Left Ventricular Function, and 
Mortality 


A number of uncontrolled studies have shown that the 
intracoronary administration of streptokinase to patients with 
acute transmural myocardial infarctions result in coronary 
artery recanalization in 75-80% of cases [8]. Five recent 
prospective, randomized trials involving intracoronary strep- 
tokinase have shown similar results [9-13]. Anderson et al. 
[9] randomized 50 patients into intracoronary-streptokinase- 
treated (N = 24) or standard-care (N = 26) groups. Patients 
were enrolled only if the duration of their symptoms was less 
than 3 hr. Reperfusion was successfully established in 79% 
of the streptokinase-treated patients. Khaja et al. [10] ran- 
domized 40 patients into intracoronary-streptokinase and in- 
tracoronary-dextrose groups. Coronary artery perfusion was 
seen in 60% of the streptokinase-treated group but in only 
10% of the dextrose-treated group. Kemnedy et al. [11] 
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enrolled 250 patients and randomized them into an intracor- 
onary-streptokinase group (N = 134) and a control group (N 
= 116). Patients were enrolled if their symptoms were of less 
than 12-hr duration. They documented a 68% reperfusion 
rate in the streptokinase-treated group and a 12% recanali- 
zation rate in the control group. Leiboff et al. [12] randomized 
patients into an intracoronary-streptokinase group (N = 22) 
and an intracoronary-nitroglycerin group (N = 18), and they 
had a reperfusion rate of 69% in the streptokinase group and 
17% in the nitroglycerin group. Raizner et al. [13] prospec- 
tively randomized 64 patients into standard-care (N = 16), 
intracoronary- and intravenous-nitroglycerin (N = 19), and 
intracoronary-nitroglycerin-plus-streptokinase (N = 29) 
groups. The latter two groups were anticoagulated and 
treated with oral antiplatelet medication. A recanalization rate 
of 72% was observed for the intracoronary-nitroglycerin-plus- 
streptokinase group. 

These studies demonstrate that restoration of antegrade 
blood flow in an acutely occluded coronary artery can be 
achieved between 60 and 80% of the time when standard 
techniques are used [2, 14]. Also, treatment is more likely to 
be successful with doses of streptokinases over 200,000 
international units than with doses under that level [1]. The 
success rate also appears to be higher when the infusion is 
begun early after the onset of symptoms [1]. 

As important as is restoration of antegrade blood flow, the 
more important questions relate to the effects of this reper- 
fusion on the function of threatened myocardium and overall 
mortality. Another issue is the effect of the time interval 
between the onset of symptoms and reperfusion on these 
parameters. 

Three major observations indicate that significant myocar- 
dial salvage directly results from intracoronary thrombolytic 
therapy. First, some patients occlude a recanalized artery 
within 1 week of successful thrombolytic therapy. Rethrom- 
bosis can occur in up to 30% of patients who are not 
adequately anticoagulated after treatment [2]. This rethrom- 
bosis is associated with chest pain, ECG and enzymatic 
changes consistent with infarction, and an increased mortal- 
ity. Therefore, this rethrombosis seems to permit the necrosis 
of myocardium that was initially salvaged via thrombolytic 
therapy. Second, in thallium-201 myocardial imaging tech- 
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Fig. 3 —Left coronary artery, right anterior oblique 
view. A, Occlusion of left anterior descending branch 
(LAD) (arrow), immediately after origin of first septal 
and first diagonal branches. B, Immediately after suc- 
cessful thrombolysis, LAD appears normal without 
residual stenosis. 


niques, thallium-201 uptake by myocardial cells is dependent 
on adequate blood flow to tne tissue as well as on cell viability. 
Thallium-201 scanning performed before thrombolytic therapy 
shows a perfusion defect -hat is diminished with successful 
reperfusion and unchanged if thrombolytic therapy is unsuc- 
cessful [6, 9]. Third, regonal left ventricular wall motion 
improves in those patients who undergo successful coronary 
artery reperfusion [13, 15, 16]. 

In an attempt to determine the effect of successful coronary 
artery reperfusion on left ventricular function, Kennedy et al. 
[11] in their study of 250 satients and Leiboff et al. [12] in 
their study of 55 patients abtained radionuclide ejection frac- 
tions on enrollment and approximately 2 weeks after treat- 
ment in both the control and intracoronary-streptokinase- 
treated groups. Both studes found no improvement in the 
successfully recanalized group compared with the control 
groups. Their results contrast with those of Smalling et al. [3] 
who noted improved left ventricular function, as measured by 
radionuclide ejection fraction, at the time of hospital discharge 
but not at 6 months after discharge. The study design of 
Smalling et al. [3], although prospective, was not randomized, 
and possibly those patients who met exclusion criteria were 
somehow different from those receiving streptokinase ther- 
apy. De Feyter et al. [17] and Reduto et al. [18] in two 
separate nonrandomized studies found an improvement in 
left ventricular function, as assessed via left ventriculography, 
in those patients who had successful intracoronary recanali- 
zation. The evaluation of left ventricular function after myo- 
cardial infarction and thrombolytic therapy is complicated by 
the fact that reperfused myocardium is often “stunned” and 
can take several days to recover. The hyperadrenergic state 
brought about by an infarction, and by operation of the Frank- 
Starling mechanism, often results in hyperkinetic behavior on 
the part of nonischemic myocardial segments. These hyper- 
kinetic segments often return to baseline as the injured seg- 
ments regain partial function. Perhaps this explains the mixed 
results when global ejection fraction is the measured param- 
eter. When regional wall motion and regional ejection fractions 
are studied, the data demonstrate improvement in the strep- 
tokinase groups [13, 15, 16]. 

The effect of intracoronary thrombolytic therapy on mortal- 
ity is very difficult to analyze from nonrandomized studies. 
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Khaja et al. [10] randomized 40 patients into intracoronary- 
streptokinase groups and intracoronary-dextrose groups and 
had one death (mortality 5%) in the streptokinase group and 
four deaths (mortality 20%) in the placebo group. Anderson 
et al. [9] randomized 50 patients into intracoronary-strepto- 
kinase and routine-cardiac-care groups. One death occurred 
in the 24 streptokinase-treated patients (mortality 4%) and 
four deaths in the 25 standard-care patients (mortality 15%). 
The mortality rates in these two small randomized studies are 
similar to those obtained in nonrandomized studies; however, 
the numbers of patients in these two studies are probably too 
small to evaluate the effect of this treatment on mortality. 
Kennedy et al. [11] prospectively randomized 250 patients 
into intracoronary-streptokinase and standard-treatment 
groups and found that in the streptokinase-treated group 
there was a threefold reduction in the 30-day mortality rate 
and a fourfold reduction in the 6-month mortality rate. At 1- 
year follow-up, the mortality data in these two groups no 
longer showed a significant difference because of several 
deaths that occurred in the streptokinase-treated group. This 
suggests that perhaps more aggressive therapy (coronary 
artery bypass graft or percutaneous transluminal coronary 
artery recanalization) must be directed at the residual stenosis 
after initially successful reperfusion. Furberg [8] pooled data 
from eight randomized controlled trials of intracoronary strep- 
tokinase (some published, others unpublished) and found an 
11% mortality rate in the intracoronary-streptokinase group 
(42 of 382) and 12% mortality rate in the control group (45 of 
364). This difference was not statistically significant. Simoons 
et al. [19] randomized 533 patients with acute myocardial 
infarctions into thrombolytic and nonthrombolytic treatment 
groups and found that patients randomized to thrombolytic 
protocols had lower short-term and long-term mortality rates 
and a mere favorabie clinical course in the hospital. The Italian 
Group for the Study of Streptokinase in Myocardial Infarction 
[20] randomized 11,806 patients with acute myocardial in- 
farctions who presented within 12 hr after onset of symptoms 
into |V-streptokinase-with-standard-care and standard-care 
treatmemt groups and found an 18% reduction in 21-day 
mortality in the streptokinase group. Thus, recent large series 
suggest that thrombolytic therapy results in a reduction in 
mortality in the setting of acute myocardial infarction. 

Most clinical studies have confirmed that the earlier reper- 
fusion is achieved, the less myocardium is lost [1, 2, 21]. At 
present a precise cutoff point, after which reperfusion is of 
little or no value, cannot be given. This is probably due to the 
fact that the rate of myocardial necrosis is not constant in all 
patients but can vary owing to varying myocardial oxygen 
demands, the state of collateral circulation, and the possibility 
that occiusions are subtotal in some patients thereby allowing 
some antegrade flow of blood. However, reperfusion of is- 
chemic myocardium in under 4-6 hr appears to be optimal 


[2]. 


Cardiac Management After Successful Streptokinase 
Therapy 


Pathdlogic studies of patients who have suffered fatal 
myocardial infarctions have demonstrated that fresh throm- 
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bus is usually found at a site of intimal disruption or subintimal 
hemorrhage of an atherosclerotic plaque [2]. Therefore it is 
not surprising that, after lysis of an occluding thrombus, a 
moderate-to-severe coronary artery stenosis is found in most 
cases. The best that intravascular thrombolytic therapy can 
be expected to provide is the reestablishment of antegrade 
blood flow. It probably does not appreciably alter the con- 
stellation of conditions that predisposed to the initial throm- 
botic event, and, since these factors have not been altered, 
a rethrombosis rate of between 15 and 35% within the first 
48 hr after the reestablishment of antegrade blood flow [1, 
22] is not surprising. 

Various strategies have been promulgated te deal with the 
problem of poststreptokinase care of underlying coronary 
artery disease. The experience of Ganz et al. [23] in 81 
patients who were strictly anticoagulated (heparin followed 
by warfarin) for 3 months resulted in only four apparent 
episodes of rethrombosis, and in three of those four cases, 
anticoagulation had not been adequate. Other investigators 
[2, 10] recommend the use of aspirin and/or dipyridamole 
(Persantin) after successful clot lysis, with or without antico- 
agulation, to prevent platelet aggregation, which many believe 
is the initiating event in acute coronary artery thrombosis. 
Others recommend the use of nitrates or calcium-channel 
blockers, believing that coronary artery spasm may play a 
role in coronary artery thrombosis and especially in rethrom- 
bosis where the artery in question is already damaged and 
may be excessively irritable. 

Although Urban et al. [24] had a recanalization rate of 81% 
in their 73 patients, fully 73% of these patients had recurrent 
ischemic events over the next 36 months. In this group, critical 
residual stenoses were the substrate for all of the early and 
most of the late cardiac events. They concluced that reper- 
fusion alone was not sufficient to maintain coronary artery 
patency when a residual stenosis remained and that strepto- 
kinase therapy may need to be complemented by coronary 
angioplasty or bypass grafting. 

Erbel et al. [22] and Gold et al. [25] independently per- 
formed angioplasty in a total of 33 patients after successful 
intracoronary thrombolytic therapy and cemenstrated both 
the feasibility of this approach and the anatomic reductions in 
the stenoses so treated. Meyer [26] performed angioplasty 
on 21 patients who demonstrated severe stenoses after 
successful intracoronary thrombolytic therapy. and he medi- 
cally treated 18 patients with comparable stenoses. Six- 
month follow-up showed a decrease in the reinfarction and 
mortality rates in the angioplasty-treated group. 

No prospective, randomized study has yet been undertaken 
to evaluate and define the role of coronary bypass grafting 
after intracoronary thrombolytic therapy. 


Risks Associated with Intracoronary Streptekinase 


The risks of intracoronary streptokinase can be divided into 
cardiac and extracardiac risks. The extracardiac risks differ 
little from those encountered with peripheral or visceral strep- 
tokinase administration. They include hemerrhage at the 
puncture site and at other sites such as the gastrointestinal 
tract, genitourinary tract, retroperitoneum, and central nerv- 
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ous system. Bleeding complications appear to occur more 
frequently when the plasma fibrinogen level falls to less than 
100 mg/dl or with streptokinase doses above 200,000 units 
[25]. There is also the small risk of an allergic reaction to the 
streptokinase molecule, which is antigenic. 

The major cardiac complication of intracoronary streptoki- 
nase is reperfusion arrhythmia. Reperfusion arrhythmias oc- 
cur in approximately 80% of patients who are successfully 
reperfused. The most common arrhythmia is a transient ac- 
celerated idoventricular rhythm (slow ventricular tachycardia), 
which is typically clinically benign [1, 4]. 

Intramyocardial hemorrhage, although not a true compli- 
cation, has been observed experimentally and clinically after 
thrombolytic reperfusion, although hemorrhage has been only 
into areas of already necrotic myocardial tissue and not into 
ischemic or healthy myocardial tissue [27]. Whether this has 
a significant detrimental effect on the clinical outcome of the 
therapeutic trial has not yet been established. 


Systemic vs Local Thrombolytic Therapy 


Investigators encouraged by the apparent success of intra- 
coronary thrombolytic therapy have recently been examining 
the IV use of streptokinase, administering very high doses of 
IV streptokinase over a short time period. Schroder et al. [28] 
treated 21 patients and found that in 11 (52%) recanalization 
occurred within 1 hr. Schroder et al. [28] gave 500,000 units 
of streptokinase over 30 min and then increased the dose to 
1,500,000 over 60 min. Spann et al. [29] administered be- 
tween 850,000 and 1,500,000 units of streptokinase during 
a 1-hr IV infusion starting an average of 3.4 hr after the onset 
of symptoms, and he documented angiographically recanali- 
zation in 49%. Rogers et al. [30] prospectively randomized 
patients with acute myocardial infarctions into intravenous 
and intracoronary streptokinase groups. They found that the 
25 patients who received 240,000 units in the occluded artery 
over 1 hr had an angiographically proven recanalization rate 
of 76%, while patients who received 500,000 units of IV 
streptokinase over 15 min had a recanalization rate of only 
10% and patients receiving 1,000,000 units of IV streptoki- 
nase over 45 min had a recanalization rate of 44%. Neuhaus 
et al. [31] administered IV streptokinase at rates between 
30,000 and 40,000 units/min for approximately 50 min to 
arrive at a total average dose of 1,700,000 units and found a 
recanalization rate of 60%. Ganz et al. [23] treated 81 con- 
secutive patients presenting within 3 hr of onset of symptoms 
of an acute myocardial infarction. These patients received 15- 
to 30-min infusions of between 750,000 and 1,500,000 units 
of IV streptokinase and heparin. Reperfusion was ascertained 
nonangiographically in 96% (78 patients). In six patients there 
was reocclusion of the vessel within 6 hr; two patients suf- 
fered an intracranial hemorrhage; and there were eight addi- 
tional major bleeding complications. Five patients died while 
hospitalized. Valentine et al. [32] in a nonrandomized pro- 
spective study involving 164 patients found comparable effi- 
cacy and safety in establishing reperfusion with both IV strep- 
tokinase and intracoronary streptokinase. On average they 
were able to begin therapy in the IV-treated group 67 min 
earlier than in the intracoronary-treated group. 
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The major advantage to systemic IV streptokinase therapy 
is the ability to start therapy sooner after diagnosis and in 
settings other than the catheterization laboratory. This is 
important because it has been shown that myocardial salvage 
and mortality are closely correlated with the length of time 
until restoration of myocardial blood flow [2, 21]. A second 
advantage is the avoidance of risks associated with an urgent 
cardiac catheterization. Another consideration is cost. If this 
procedure becomes widespread, IV therapy will avoid the 
cost of having catheterization teams on 24-hour standby. 

Systemic therapy also brings with it several disadvantages, 
the most obvious being the lack of definition of coronary 
anatomy and the loss of the coronary-angioplasty option in 
Suitable circumstances. Without a cardiac catheterization one 
cannot directly assess cardiac hemodynamics or document 
changing left ventricular function via left ventriculography. 
Another disadvantage is that IV therapy always results in a 
systemic lytic state, although the production of a systemic 
lytic effect is not totally avoided with the intracoronary form 
of therapy [2, 33]. 

In summary, short-term, high-dose IV streptokinase therapy 
seems to be as effective as intracoronary streptokinase in 
producing coronary thrombolysis. Although the initial success 
rate with IV therapy is also high, the reocclusion rate is high 
(up to 35%), which may be related to the brief duration of the 
lytic state and to the lack of definitive therapy of underlying 
stenosis [1]. 


Future Directions 


Although most research has centered on streptokinase 
therapy, other available thrombolytic agents may be more 
effective and safer. Urokinase is more expensive than strep- 
tokinase, but it is equally effective in causing intracoronary 
thrombolysis when administered directly into the coronary 
artery and causes less systemic fibrinolysis with an attendant 
reduction in hemorrhagic complications [7]. 

Tissue plasminogen activator (t-PA) is a naturally occurring 
protein that converts plasminogen to plasmin in the presence 
of fibrin [34, 35]. It therefore acts predominantly at the site of 
thrombus. Plasmin that leaves the thrombus site is rapidly 
deactivated by circulating antiplasmins. The advantage of 
t-PA is that it is thrombolytic and nonantigenic and does not 
result in a systemic lytic effect. Small quantities of t-PA have 
been extracted at great cost from human tissue, but recently 
this protein has been collected from human melanoma cell 
cultures and from recombinant DNA techniques that have 
inserted the human t-PA gene into hampster ovarian cell 
culture [34, 35]. Early experimental work suggests that not 
only does t-PA produce rapid thrombolysis but in fact may 
work faster than streptokinase and urokinase. A recent report 
[36] comparing the effectiveness of optimal doses of IV 
streptokinase with IV t-PA in restoring antegrade flow through 
acutely obstructed coronary arteries showed improvement in 
flow in 66% of the t-PA-treated group compared with 36% 
in the streptokinase-treated group. Acylated streptokinase- 
plasmin compound (BRL-26921) and pro-urokinase are re- 
cently produced chemicals that may have the advantage of 
producing clot lysis without producing a systemic lytic effect 
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[1]. Preliminary studies [37] suggest that acylated streptoki- 
nase-plasmin compound is highly effective in causing coro- 
nary reperfusion in the setting of an acute myocardial infarc- 
tion when given as an IV bolus. Much more experimental and 
Clinical research needs to be done with all three of these 
agents, but studies with t-PA are highly encouraging and 
suggest that clot-specific agents will be both more effective 
and probably safer than streptokinase and urokinase in the 
treatment of acute myocardial infarction. 

Percutaneous transluminal coronary artery recanalization in 
the setting of acute myocardial infarctions has been per- 
formed by a number of investigators in this country and in 
Europe with reasonable success [38-41]. Its role as a treat- 
ment technique either primarily or in conjunction with throm- 
bolytic therapy has not yet been firmly established. 


Conclusions 


Most acute myocardial infarctions are caused by intracor- 
onary thrombus, and most of these can be lysed by throm- 
bolytic therapy. Although many patients with acute coronary 
artery thrombosis will go on to infarction, thrombolytic therapy 
does result in myocardial salvage. Recent large series suggest 
that thrombolytic therapy results in a reduction in mortality in 
the setting of acute myocardial infarction. There is a high 
frequency of subsequent cardiac events in successfully 
treated patients unless definitive therapy of the underlying 
obstruction is carried out. IV streptokinase therapy appears 
to be as effective as intracoronary administration, can be 
started earlier, and does not require the availability of a 
catheterization laboratory. Urokinase appears equally effec- 
tive in causing intracoronary thrombolysis and has less sys- 
temic fibrinolytic effects. Clot-specific agents (acylated strep- 
tokinase-plasmin compound, t-PA) may be more effective 
thrombolytic agents with fewer systemic effects and may be 
associated with fewer hemorrhagic complications. 
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The Budd-Chiari Syndrome: 


A Review 





Ascites, hepatomegaly, and abdominal pain constitute the classic triad of the Budd- 
Chiari syndrome of hepatic-vein or inferior-vena-cava obstruction. This condition was 
first mentioned by Budd in the mid 1800s and additional information was provided by 
Chiari in the 1890s. In nearly two-thirds of patients the exact etiology cannot be 
determined. The syndrome has, however, been associated with hypercoagulable states, 
neoplasms, trauma, medications, and congenital abnormalities. The diagnesis is difficult 
to make clinically; therefore, radiology plays a critical role in the workup of these 
patients. Nuclear medicine, sonography, CT, angiography, and MRI all provide valuable 
diagnostic information. These data combined with hepatic biopsy determine which 
patients should be treated by percutaneous angioplasty or surgery, and atso determine 
the type of shunt to be performed (such as the mesoatrial shunt when the inferior vena 
cava is occluded or severely compressed). Noninvasive imaging is also useful in the 
follow-up of patients after both percutaneous angioplasty and surgery. 


The Budd-Chiari syndrome is a rare disorder of hepatic-vein or inferior-vena- 
caval occlusion [1, 2]. In some instances the obstruction occurs at the venule level. 
In most instances obstruction to the hepatic veins and/or cava is partial. Because 
of this hepatic venous outflow obstruction, patients with this syndromesmay present 
with variable degrees of hepatic enlargement, pain, tenderness, and ascites [3, 4]. 
Jaundice, portal hypertension, and variceal bleeding may also be present. Much 
less common is the acute fulminant presentation with massive liver failure and 
shock [5]. In comparison with the frequency in the United States, the frequency of 
this syndrome is higher in northern India, South Africa, and the Oriemt [6]. Budd- 
Chiari may be associated with polycythemia rubra vera, chronic leukemia, oral 
contraceptives, neoplasms, pregnancy, trauma, and congenital abnormalities [7, 
8]. However, the exact etiology cannot be determined in almost two-thirds of cases 
[9]. 

The Budd-Chiari syndrome may be classified as primary or secondary depending 
on its pathophysiology. The primary type refers to congenital obstruction of the 
hepatic veins or the hepatic portion of the inferior vena cava by webs or diaphragms. 
The secondary type refers to hepatic-vein or inferior-vena-cava obstruction caused 
by tumor, thrombosis, or trauma [6]. Thus, the radiographic manifestations of the 
syndrome may differ significantly. 

Many different imaging techniques have been used to evaluate these patients. 
These include nuclear medicine, sonography, angiography, CT, and MRI. This 
discussion will review the use of these techniques and attempt to demonstrate 
their relative advantages and pitfalls. In addition, the newest radiologic and surgical 
therapeutic techniques for treatment of the syndrome will be reviewed. 


Diagnostic Procedures 
Sonography 


Numerous authors have reported the success of sonography in diagnosing the 
Budd-Chiari syndrome [6, 7, 10]. At some institutions sonography is the first 
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diagnostic procedure of choice [10] and many believe that a 
definitive diagnosis can be made by sonography alone [6]. 
Real-time scanning allows the radiologist to examine the 
hepatic veins and inferior vena cava quite easily. Also, Doppler 
sonography may be used in evaluating blood flow in the 
various hepatic venous systems (Fig. 1). Any relative discrep- 
ancy in venous outflow may identify which hepatic veins are 
more severely affected. 

Sonographically, the three major hepatic veins should be 
visualized. Usually at least one of the three hepatic veins is 
seen, except in chronic Budd-Chiari syndromes [10]. The 
hepatic veins may show thickened walls, areas of stenosis, 
irregularity or proximal dilatation (Fig. 2), thromboses, and 
intrahepatic collaterals. Incidental hepatic morphologic paren- 
chymal changes include atrophy of the right lobe, hypertrophy 
of the lateral segment of the left lobe, and enlargement of the 
caudate lobe [11]. The inferior vena cava may demonstrate 
compression by the grossly swollen liver or obstruction by 
tumor, clot, or both. Doppler signal may show slow flow, 
which may approximate the angiographic demonstration of a 
pressure gradient at the site of partial obstruction. 

Sonographic limitations include the inability to image webs 
and the underestimation of clot or tumor involvement in the 
inferior vena cava and/or hepatic veins. Some studies may 
be technically inadequate because of either the patient’s body 
habitus or intestinal gas. Also, the accuracy of Doppler blood 
flow analysis depends on the skill of the operator. Sono- 
graphic advantages include noninvasiveness, relatively inex- 
pensive cost, multiplanar imaging ability, and availability. 
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Fig. 1.—A, Doppler sonographic study from 
volunteer shows left main portal vein with cursor. 
Curved arrow points to signal received showing 
shallow undulating pattern of portal vein. Mean 
velocity is 2 cm/sec; peak velocity is 6 cm/sec. 
B, Doppler sonographic study from Budd-Chiari 
patient demonstrates middie hepatic vein with 
sharp undulating signal pattern. Mean velocity is 
8 cm/sec. This normal pattern verifies that this 
major hepatic vein is patent. Major left and right 
hepatic veins were not detected. Mean velocity is 
8 cm/sec; peak velocity is 22 cm/sec. 





Fig. 2.—Longitudinal real-time sector sonogram shows irregular hepatic 
veins with focal areas of dilatation (arrows). 


Thus, sonography is an excellent tool for screening patients 
for Budd-Chiari syndrome. 


CT 


The characteristic CT findings on a non-contrast-enhanced 
scan include ascites and hepatomegaly. Chronic disease may 
demonstrate changes consistent with cirrhosis. Bolus IV con- 
trast enhancement may demonstrate two important findings: 
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Fig. 3.—Contrast-enhanced CT demonstrates “fan-shaped” high-density 
area centrally with low attenuation periphery. Ascites is also present. 





Fig. 5.—Selective hepatic venography demonstrates intraluminal obstruction 
at confluence with inferior vena cava. 





Fig. 4.—Selective hepatic wedge venogram shows characteristic “spider- 
web” pattern of collateral intrahepatic veins. 


absence of visualization of the hepatic veins and a central 
“fan-shaped” patchy area of increased attenuation, which later 
decreases in attenuation as it radiates from the retrohepatic 
portion of the inferior vena cava [12] (Fig. 3). Later, the liver 
develops an inhomogeneous density. This inhomogeneity is 





Fig. 6.—Inferior vena cavogram shows narrowing of inferior vena cava with 
thought to be caused by generalized slow flow and by collat- intraluminal clot. 
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Fig. 7.—Replaced right hepatic arteriogram illustrates narrowing, stretching, 
and pruning of hepatic arteries. 


eral veins throughout the liver [6]. Other findings include 
compression and flattening of the retrohepatic inferior vena 
Cava and a normal or enlarged caudate lobe [13]. The latter 
finding may be more apparent than real, depending on the 
degree of involvement and the amount of right hepatic lobe 
atrophy. These CT findings are suggestive of Budd-Chiari 
syndrome in the proper clinical setting but are not pathogno- 
monic. 


Angiography 


The angiographic evaluation of patients with suspected 
Budd-Chiari syndrome includes inferior vena cavography, he- 
patic wedge venography, and celiac/superior mesenteric ar- 
tery arteriography [14]. Pressure measurements should be 
obtained at multiple sites in the hepatic vessels and inferior 
vena Cava, especially proximal and distal to any site of ob- 
struction. 

Hepatic wedge studies characteristically show a “spider- 
web” pattern of collateral intrahepatic veins (Fig. 4). Hepatic 
venography may demonstrate tumor, clot, or web(s) (Fig. 5). 
Again, pressure measurements usually show a gradient at 
the level of obstruction [15]. 

The vena cavogram usually shows one or more of the 
following patterns: smooth, long compression of the hepatic 
segment of the inferior vena cava by hepatic enlargement; 
irregular filling defect in the inferior vena cava or the hepatic 
veins; web; or complete occlusion of the inferior vena cava 
with or without collateral vessels [15] (Fig. 6). 

Selective celiac arteriography demonstrates diffuse narrow- 
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Fig. 8.—MRI shows high signal within narrowed inferior vena cava (black 
arrow) compatible with thrombosis. Also note abdominal venous collaterals 
(white arrows). 


ing, stretching, and pruning of the hepatic arteries (Fig. 7). 
The degree of these findings is dependent upon the amount 
of hepatomegaly present. Selective superior mesenteric an- 
giography may show decreased hepatopedal flow or even 
hepatofugal flow. Varices may be noted. Splenomegaly is also 
usually present. 

Angiography is the classic imaging method for Budd-Chiari 
diagnosis at many institutions. However, it may fail to recog- 
nize laminar clot and only demonstrate smooth narrowing of 
the cava. This is less likely to be a problem if biplane cavo- 
grams are obtained. 


Nuclear Medicine 


Liver-spleen scintigraphy using 99m-Technetium sulfur col- 
loid may or may not be abnormal in these patients. An 
enlarged inhomogeneous liver accompanied by ascites may 
be seen in the earlier phases of the disease. Later the scans 
show decreased activity in both the left and right lobes with 
sparing of the caudate lobe. The caudate lobe may be en- 
larged and appear as a “hot spot” on sulfur colloid scanning. 
The caudate lobe is theoretically spared since it has its own 
separate venous drainage into the inferior vena cava, which 
is unaffected by occlusion of the main hepatic veins [16, 17]. 

The radionuclear findings are nonspecific. Nuclear imaging 
does not provide the physiologic information or detailed ana- 
tomic information of either sonography or angiography. 


MAI 


MRI is another tool for evaluating patients with suspected 
Budd-Chiari syndrome. This technique can image the liver in 
multiple planes and delineate the vascular structures in great 
detail without IV contrast agents [18]. The vessels are visible 
because of the “flow void” phenomenon by which rapidly 
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flowing bland causes no MR signal. Thus, MRI encompasses 
many of the advantages of CT, sonography, and angiography. 

As with the other imaging techniques, MRI shows hepato- 
megaly, ascites, and inhomogeneity in the liver parenchyma. 
Inhomogeneity is noted by observing various hepatic intensi- 
ties throughout the liver. Slow flow and thromboses may be 
directly visualized within the hepatic veins and inferior vena 
cava (Figs. 8 and 9). Tumor involvement and venous narrow- 
ing are easily identified. Causes of such narrowing—for ex- 
ample, hepatic enlargement or laminar clot—are more easily 
seen by MRI than by angiography. Varices and splenomegaly 
are also easily demonstrated. 

MRI also may be of great benefit in the follow-up of Budd- 
Chiari patients after therapy (angiographic or surgical). MR 





Fig. 9.—Coronal MRI image of same patient shown in Fig. 7. High-intensity 
signal in obstructed middle hepatic vein. Inferior vena cava is minimally nar- 
rowed secondary to hepatomegaly. 
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has been shown to be accurate in demonstrating shunt 
patency because the shunt “plane” can be directly visualized 
[19]. Thus, portocaval or mesoatrial shunts can be followed, 
patency determined, and slow flow or clot can be detected 
noninvasively (Fig. 10). This type of evaluation is less expen- 
sive than angiography, but more costly than sonography. 
MRI pitfalls include its inability to detect webs in small 
vessels and to obtain pressure gradients. Also, with MRI, the 
vascular anatomy must be integrated over several slices. 


Percutaneous Biopsy 


Percutaneous biopsy, using large-bore cutting needles (14- 
16 gauge Trucut; Travenol Laboratories, Inc., Deerfield, IL), 
is often paramount in both diagnosing and following patients 
with the Budd-Chiari syndrome. Biopsy specimens from both 
the right and left lobes of the liver must always be obtained, 
as this disease may be secondary to the occlusion of one or 
more hepatic veins with variable degrees of severity. After 
treatment for hepatic vein occlusion, repeat percutaneous 
liver biopsies at comparable sites are crucial to document 
regression of the disease. (CT guidance is preferable because 
it makes it possible to obtain specimens from the same sites 
on repeated procedures). 

Microscopically, centrilobular congestion and necrosis are 
classically observed [20]. Demonstration of organized thrombi 
in the main hepatic veins is diagnostic. As the disease pro- 
gresses, central fibrosis and periportal regenerative nodules 
become apparent. Pathologically, end-stage disease reveals 
widespread fibrosis, which no longer follows a zonal distri- 
bution. 


Therapeutic Procedures 
Percutaneous Transluminal Angioplasty 


Since the report of Meier et al. [21], percutaneous translu- 
minal angioplasty (PTA) has been recognized as an important 
means of treating some patients with Budd-Chiari syndrome. 
There are three types of lesions for which PTA can appropri- 
ately be used: (1) focal stenosis of the hepatic veins or inferior 





Fig. 10.—A, Postoperative angiogram demonstrates a patent mesoatrial 
shunt. B, After a mesoatrial shunt (arrow), MR demonstrates shunt patency by 
means of “flow void" phenomenon. C, Postoperative MRI shows a thrombosed 


mesoatrial shunt (arrow). No hepatic veins are noted. Splenomegaly is also 
seen. 
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vena Cava by either congenital or postinflammatory webs, (2) 
segmental stenosis of the hepatic portion of the inferior vena 
Cava, and (3) occlusion of the hepatic portion of the inferior 
vena cava. PTA is ideal for treatment of focal stenosis in 
these areas; it has a high success rate and often obviates 
major surgery [22-29] (Fig. 11). Occlusions of the hepatic 
portion of the inferior vena cava, up to 65 mm in length, have 
been successfully dilated by PTA [30, 31]. Sometimes, how- 
ever, the stenosis does recur and requires repeat percuta- 
neous angioplasty during the course of the disease [21, 22, 
29]. In five patients reported by Yamada et al. [30], the inferior 
vena Cava was demonstrated to be patent in four of these 
patients on 1-year follow-up. One patient required percuta- 
neous redilatation at 11 months. 

Concentric long segmental stenosis of the hepatic portion 
of the inferior vena cava is not uncommonly seen in associa- 
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~ Fig. 11.—A, Hepatic venogram shows narrow- 
ing ot the hepatic vein. B, After percutaneous trans- 
luminal angiography (PTA) lumen is reestablished, 
an 18-mm Hg mean gradient across stenosis 
(curved arrow in A) was reduced to 4 mm Hg. 


Fig. ~2.—Inferior vena cavograms in patient with 
Budd-Chiari syndrome treated with a portocaval 
shunt. A, Reversal of flow in the shunt (curved arrow) 
secondéry to a 20-mm Hg mean gradient across 
stenosis of hepatic portion of inferior vena cava 
(straight arrow). B, No reverse flow through shunt 
after percutaneous transluminal angiography of infe- 
rior vena cava stenosis. 3-mm Hg residual gradient 
across tne dilated inferior vena cava. 


tion with diffuse thrombosis, “endophlebitis obliterans,” of 
small hepatic veins. first described by Budd [32]. Surgical 
decompression of the portal system is necessary in such 
cases. Portocaval or mesocaval shunts are preferred because 
of their favorable long-term patency rates [3]. Also, balloon 
angioplasty has been useful in preserving the function of short 
interposition shunts (Fig. 1 2). 


Surgery 


The natural history of the Budd-Chiari syndrome remains 
poorly defined. Some patients may be managed medically 
with diuretic administration and anticoagulation. However, 
diuretics rarely control the ascites. Although one reported 
patient had recanalized the hepatic veins, most reviews sug- 
gest that most patients require portal decompression to avoid 
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liver failure and to resolve their ascites [3]. Although there is 
a spectrum of severity, some patients present acutely with a 
form of the disease that is rapidly fatal unless treated sur- 
gically. Given this spectrum, the selection of patients requiring 
surgery remains a difficult problem. 

Early diagnosis, by techniques previously discussed, is 
crucial to this decision-making process. Thus, localized dis- 
ease may be treated by PTA. However, a reasonable ap- 
proach stresses the use of the liver biopsy to assess the 
degree of hepatocyte injury in other less localized forms [3]. 
Previous reports [33] have indicated that ascites and elevated 
prothrombin time are contraindications to biopsy. Others feel 
that urgent biopsy, specifically with Rappaport Zone III necro- 
sis, identifies those patients who require immediate surgery 
[3]. CT-directed biopsy should offer both greater safety and 
better diagnostic precision, using biopsies of both lobes for 
what may be segmental disease. 

Noninvasive imaging such as real-time and Doppler sonog- 
raphy, CT, and MRI are useful for follow-up after therapeutic 
procedures. Patients, before and after surgery, are more 
systematically selected and followed by a multiple-imaging 
approach that combines histologic information obtained by 
percutaneous biopsy. When surgery is indicated, the type of 
shunt performed is also determined by the information ob- 
tained during the initial radiographic workup. 
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Memorial 





Howard James Ricketts, 1932-1986 


With the passing of Howard J. Ricketts 
the Northwest lost one of its most able young 
physicians. At the time, Dr. Ricketts was 
Associate Professor of Radiology at the Uni- 
versity of Washington and its senior angiog- 
rapher and radiologic interventionalist. For 
many years he directed medical student in- 
Struction in cardiorespiratory radiology and 
he trained many of the radiologists in the 
Northwest who practice angiography and in- 
terventional radiology. 





Dr. Ricketts died suddenly and unexpect- 
edly at the age of 53 at his home in Bellevue, 
WA. He came from a family of noted physi- 
cians; both his father and grandfather were 
distinguished investigators. D7. Ricketts was 
born August 2, 1932, in Chicago and had his 
undergraduate education at Deerfield Acad- 
emy and Oberlin College. He studied medi- 
cine at Harvard Medical School and prepared 
for academic radiology with exceptional train- 
ing. He had a surgical cardiovascular fellow- 
ship at Yale, a radiologic cardiovascular fel- 
lowship at Stanford, and training in diagnostic 
radiology at Yale. In 1965 he came to the 
University of Washington as Assistant Pro- 
fessor. 

At the time of his death, Dr. Ricketts was 
director of clinical angiography at the Univer- 
sity Hospital, attending radiologist at Harbor- 
view Medical Center and the Veterans Ad- 
ministration Hospital, and consultant to the 
Children’s Orthopedic Hospital. He was a 
member of numerous medical societies and 
a charter member of the Western Angiogra- 
phy Society of which he was president in 
1973. He was also a charter member of the 
Society for Cardiovascular Radiology. 

Dr. Ricketts contributed numerous refine- 
ments to angiography. During his training 
with Dr. Herbert Abrams, he described the 
feasibility of percutaneous coronary angiog- 
raphy via the femoral artery, which laid the 
groundwork for other techniques that have 
become standard throughout the world. In 


recent years he was active in developing 
intraarterial chemotherapy and transluminal 
angioplasty. Dr. Ricketts offered his experi- 
ence to numerous radiologic societies, con- 
ferences, and publications. 

Dr. Ricketts’ passing will be a severe loss 
to the School of Medicine and the Radiology 
Department. He will be especially missed by 
his trainees who revered his patient careful 
instruction while guiding them through diffi- 
cult procedures and setting the highest 
Standards for interventional radiology. 

Dr. Ricketts avidly enjoyed the outdoors. 
He was an accomplished skier and one of 
the Northwest's most expert sailors. He 
raced in the numerous challenging races in 
Puget Sound and the Straits of Juan de Fuca. 
He was particularly proud of accomplishing 
the round trip of Vancouver Island in his small 
sailboa:. His premature death denied him the 
pleasures of a custom built new boat that 
had just arrived from Norway. 

Dr. Ricketts leaves many friends who 
shared his medical life and many others who 
shared his love for the water. He also leaves 
a devoted family, his wife Reliance, and his 
children, Martha, Katherine, and Taylor. They 
are joined by many friends in the Northwest 
and colleagues in American radiology who 
mourn “he passing of a fine man and out- 
standing physician. 

Melvin M. Figley 
University of Washington School of Medicine 
Seattle, WA 98109 
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CT Demonstration of Calcified Mediastinal Lymph Nodes: A 
Guide to the New ATS Classification 


Harvey S. Glazer’, Dixie J. Aronberg,' Stuart S. Sagel,’ and Paul J. Friedman? 


Accurate staging of patients with bronchogenic carcinoma 
includes evaluating the primary tumor and the extent of hilar/ 
mediastinal and distant metastases. The Tumor—Nodal In- 
volvement—Metastasis system of staging has been used for 
both pre- and postoperative staging [1]. However, some 
believe that this system is too simplistic and not anatomically 
specific. In particular, it has been difficult to compare data 
across different clinical series with regard to survival in pa- 
tients with mediastinal lymph-node involvement. 

More recently, the American Thoracic Society (ATS) has 
developed a new classification system [2] that attempts to 
define specific nodal stations in terms of well-recognized 
anatomic landmarks that can be identified both before and 
during thoracotomy (Fig. 1 and Table 1). The nonspecific 
terms “hilar” and “mediastinal” have been deleted. The bound- 
aries of “pre/paratracheal” (including “azygos” nodes) have 
been more clearly delineated. For example, the azygos vein 
separates nodal stations 4R (right lower paratracheal) and 
10R (right tracheobronchial), while 4L (left lower paratracheal) 
and 10L (left peribronchial) stations are separated by the level 
of the carina. Such a system is expected to result in greater 
uniformity in the recording and publication of patient data and 
in evaluating different management strategies. In addition, it 
should be helpful in planning prethoracotomy lymph-node 
sampling (Table 2). Nodal stations 2R, 4R, 4L, and 10R 
usually can be sampled by mediastinoscopy. 2L nodes adja- 
cent to the trachea and, in some patients, the anterior sub- 
carinal area (nodal station 7) can also be sampled. Transbron- 
chial needle aspiration has also been used to biopsy medias- 
tinal nodes and is especially helpful in sampling nodal station 
7 [3]. However, nodal stations 5 and 6 and 2L nodes anterior 
to the left carotid and subclavian artery require an anterior 
parasternal thoracotomy (modified Chamberlain procedure) or 
percutaneous needle biopsy. Nodal stations 8, 9, and 11 can 
only be sampled by a formal thoracotomy or percutaneous 
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Fig. 1.—American Thoracic Society lymph-node mapping scheme. Nodal 
stations 6 and 9 are not illustrated, since they superimpose other stations on 
the frontal view. Modified, and reprinted with permission from American Review 
of Respiratory Disease [2]. 
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Fig. 2.—A-R Calcified lymph nodes showing different nodal stations (see left atrium; LPA = left pulmonary artery; LULB = left upper lobe bronchus; PA 
Fig. 1 for description of nodal stations). A = aortic arch; AA = ascending aorta; = main pulmonary artery; R = right mainstream bronchus; RLLB = right lower 
b = brachiocephalic artery; BI = bronchus intermedius; c = left carotid artery; lobe bronchus; RPA = right pulmonary artery; s = subclavian arteries: S = 


DA = descending aorta; e = esophagus; L = left mainstem bronchus; LA = super or vena Cava; v = brachiocephalic veins. 
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TABLE 1: Modified American Thoracic Society Definitions of 
Regional Nodal Stations 





Noda! 
Stations 


X Supraclavicular nodes. 

2R Right upper paratrachea!l nodes. Nodes to the right of 
the midline of the trachea, between the intersec- 
tion of the caudal margin of the brachiocephalic 
artery with the trachea and the apex of the lung or 
above the level of the aortic arch. 

2L Left upper paratracheal nodes. Nodes to the left of 
the midiine of the trachea, between the top of the 
aortic arch and the apex of the lung. 

4R Right lower paratracheal nodes. Nodes to the right of 
the midiine of the trachea, between the cephalic 
border of the azygos vein and the intersection of 
the caudal margin of the brachiocephalic artery 
with the right side of the trachea or the top of the 
aortic arch. 

4L Left lower paratracheal nodes. Nodes to the left of 
the midline of the trachea, between the top of the 
aortic arch and the level of the carina, medial to 
the ligamentum arterlosum. 

5 Aortopulmonary nodes. Subaortic and paraaortic 
nodes, lateral to the ligamentum arteriosum or the 
aorta or left pulmonary artery, proximal to the first 
branch of the left pulmonary artery. 

6 Anterior mediastinal nodes. Nodes anterior to the as- 
cending aorta or the innominate artery. 

7 Subcarinal nodes. Nodes arising caudal to the carina 
of the trachea but not associated with the lower 
lobe bronchi or arteries within the lung. 

8 Paraesophageal nodes. Nodes dorsal to the posterior 
wall of the trachea and to the right or the teft of the 
midline of the esophagus below the level of the 
subcarinal region. (Nodes around the descending 
aorta should also be included.) 

9 Right or left pulmonary ligament nodes. Nodes within 
the right or left pulmonary igament. 

10R Right tracheobronchial nodes. Nodes to the right of 
the midline of the trachea, from the level! of the 
cephalic border of the azygos vein to the origin of 
the right upper lobe bronchus. 

10L Left peribronchial nodes. Nodes to the left of the mid- 
line of the trachea, between the carina and the left 
upper lobe bronchus, medial to the ligamentum ar- 
teriosum. 

11 intrapulmonary nodes. Nodes removed in the right or 
left lung specimen, plus those distal to the main- 
stem bronchi or secondary carina (includes interio- 

bar, lobar, and segmental nodes), 

14 Superior diaphragmatic nodes. Nodes adjacent to the 
pericardium within 2 crn of the diaphragm. 


Definitions 





CT has assumed an important role in evaluating the me- 
diastinum in patients with bronchagenic carcinoma. Use of 
the ATS mapping system by radiologists has been recom- 
mended to allow a more accurate comparison of the results 
of different institutions [4, 5]. Most recently, CT has been 
used to determine the number and size of normal mediastinal 
lymph nodes at different intrathoracic nodal stations defined 
by the ATS lymph-node mapping system [6]. We have cot 
lected examples of calcified mediastinal lymph nodes (pre- 
sumably secondary to endemic histoplasmosis in the St. Louis 
area) seen on CT that illustrate the precise location of various 
intrathoracic nodal stations (Fig. 2). These provide an excel- 
lent method for learning and teaching the ATS classification 
system as applied to the cross-sectional CT images. 


a4 
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TABLE 2: Lymph-Node Sampling 





Method of Samping Nodai Stations 
Mediastinoscopy 2R, 4R, 4L, 10R 
2L nodes adjacent to trachea 
7 nodes in anterior subcarinal 
area 
Transbronchial needle aspiration Same nodal groups as me- 
diastinoscopy, but 7 
nodes more easily acces- 
sibie 
10L and 11 nodes can also be 
reached 
Anterior parasternal thora- 5, 6, and 2L nodes anterior to 
cotomy great vessels 
Percutaneous needie biopsy Under CT guidance, poten- 


tially can reach all nodal 
groups 





Based on observations made on CT, we have added an 
additional nodal group to the ATS system—the superior 
diaphragmatic lymph nodes {also called cardiophrenic angle 
or pericardial nodes) (Table 1) (Aronberg D, unpublished data). 
These nodes are seen on or within 2 cm of the diaphragm, 
and have been arbitrarily called nodal station 14 to allow 
postthoracotomy subdivision of station 11 (intrapulmonary 
nodes) into interlobar, lobar, and segmental nodes (stations 
11-13). 

Although this system does provide a more detailed dassi- 
fication of lymph-node ereas, it has problems that are char- 
acteristic of any new categorization. Anatomic landmarks 
(including vascular and bronchial anatomy) vary among pa- 
tisnts. Consequently, the definition of lymph-node stations 
may be difficult in some patients. In addition, lymph nodes 
may border two nodal stations. For purposes of initial patient 
management, the indeterminate nature and specific bounda- 
ries of the nodal group should be reported. However, in later 
compiling of survival statistics, borderline nodal stations prob- 
ably should be upgraded to stations with a worse prognosis. 
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Evaluation of a Chest 
Phantom for CT Nodule 
Densitometry 





The characteristics of a chest phantom used for CT nodule densitometry were 
determined by use of a GE CT 9800 scanner (General Electric, Milwaukee, WI). The 
supplied reference rods were scanned in different positions within the lung fields of the 
phantom and with varied chest wall thicknesses. The liver/spleen inserts were added. 
The CT attentuation values of different-size rods and their mineral content were also 
tested. The size of the standard rod is the major determinant of its CT number, which 
varied from 1 to 83 H. The standard rods contained no measurable calcium or other 
mineral. Position-dependent variability in CT numbers was relatively small with the GE 
CT 9800 scanner. The simulated chest wall additions and liver/spleen inserts produced 
only small increases in CT density. We conclude that the GE CT 9800 scanner, as an 
example of one of the newer CT scanners, shows improved operating characteristics 
for pulmonary nodule densitometry. Nodule densitometry should be further evaluated 
with simplified phantoms. 


Management of patients with radiographically detected asymptomatic solitary 
pulmonary nodule remains enigmatic. For most patients, the possibility of the 
nodule being malignant can be excluded by a combination of clinical findings and 
radiographic features [1, 2]. The remaining patients present a diagnostic dilemma 
[3]. 

The increased contrast resolution and the potential for quantification of CT has 
held promise in its ability to detect nodule calcification not shown with radiographs. 
Studies by Siegelman et al. [4] first demonstrated a group of benign pulmonary 
nodules without overt calcification but with CT numbers (attenuation values) above 
those of neoplasms. A CT attenuation value of 164 H on the AS&E scanner (Pfizer, 
New York, NY) was selected as the lower limit for benignity. Other investigators 
attempted to confirm these results, with mixed success [5-7]. The lack of success 
of some investigators was attributed to machine-related variability from differences 
in effective energy of the X-ray beams, the reconstruction algorithms, longitudinal 
slice profiles, and other factors [8, 9]. 

Reference standards are well established in CT [10-12], but calibration tech- 
niques may require corrections for position-dependent variations in CT attenuation 
values. A phantom simulating the human thorax and into which a position-depend- 
ent reference standard could be inserted was suggested in an attempt to overcome 
some of the technical problems of CT nodule densitometry [13]. A commercial 
version of this phantom is available and has been tested in a multicenter trial using 
a variety of CT scanners [14]. At the same time, CT manufacturers have mounted 
a substantial effort to improve the quantitative accuracy of their scanners, especially 
for pulmonary nodule densitometry. Improved compensation for beam hardening 
and scatter corrections for the thorax are incorporated into newer scanners. Both 
of these reduce the position-dependent errors of thoracic CT densitometry, and 
the previous criticisms may no longer be applicable. To determine whether a 
complex phantom is still necessary for CT lung nodule densitometry, we evaluated 
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Fig. 1.—CT scan through lung-base phantom with 10-mm standard rod next 
to liver insert on right and 25-mm standard rod in mid-lung field on left. 


a newer CT scanner with operating software, including many 
of the new improvements. 


Methods and Materials 


We tested a phantom equivalent to that described by Zerhouni et 
al. [13] (CIRS Model Ill Diagnostic Phantom, Computerized Imaging 
Reference Systems, Norfolk, VA). The scanner was a GE CT 9800 
that is dedicated mainly to research and is precisely calibrated weekly. 
The software used is designated “PA.” The evaluation and analysis 
was in four parts: (1) Evaluation of the variability in CT attenuation 
values of the standard rods, in different sites within the phantom and 
with different chest wall thicknesses. (2) Determination of the CT 
attenuation values of the standard rods. (3) Determination of the 
mineral content of the standard rods. (4) Evaluation of the effect of 
two kilovoltage levels on the attenuation values for the standard rods 
of different sizes and comparison of these to acrylic rods. 


Part 1: Variability in Standard Rods 
Methods 


The GE 9800 scanner was used with a standard recon- 
Struction algorithm, 1.5-mm slice thickness, a large field-of- 
view, 45-cm display, and exposure factors consisting of 120 
kVp, 170 mA, 3-sec scan times, and both clockwise and 
counterclockwise gantry movement. These technical factors 
are those suggested by the manufacturer of the phantom. 
Two of the supplied standard reference rods were used, one 
10 mm and the other 25 mm in diameter. The rods were 
scanned with the phantom’s body part simulating the upper 
thorax (lung apex) and then with that simulating the lower 
thorax (lung base). For the latter body part, the liver and 
spleen inserts were later added. Scans were obtained initially 
without the supplemental body rings and then with the 19- 
and 38- (or 46-) mm rings (measured at the equivalent of the 
sternum). 
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Fig. 2.—CT scan through lung-base phantom with 46-mm supplemental 
body ring. Several acrylic rods are fixed in right lung, while similar-sized 
Standard rods are present in left tung. 


The reference rods were placed at five sites within the 
phantom: in the middle of the lung field, next to the medias- 
tinum, in the lateral chest wall, in the anterior chest wall, and 
in the posterior chest wall (Figs. 1 and 2). The phantom was 
then scanned in clockwis2 and counterclockwise directions 
for each of five positions for both rods. 

The attenuation values of the rods were measured with a 
computer-generated region of interest covering about 50% of 
the surface area of each reference rod and drawn to exclude 
the periphery of the rod. Numeric printouts of the pixel values 
of the areas of the rods confirmed the uniformity of the images 
and their CT numbers. The same measurements were then 
undertaken with the reference rods placed outside the thorax 
to determine whether external reference rods placed on the 
chest of a patient would be feasible. 


Results 


Clockwise and counterclockwise directions of rotation of 
the gantry produced no significant difference in CT attenua- 
tion values. For the 48 pairs of measurements, we found a 
mean difference of only 0.99 H (SD 1.07 H), corresponding to 
an error of less than 0.1% in CT attenuation. Therefore, all 
subsequent measurements used the average of these two 
measurements. 

The 25-mm rod had a mean CT number of 85.6 H (SD 3.8) 
at the five sites within the lung apex phantom, and the CT 
density varied by less than 10 H (Table 1). Within the lung 
base phantom, the 25-mm rod measured a mean of 79.1 H 
(SD 4.6) and varied by less than 12 H for the five positions. 
The lowest CT number was with the reference rod in the 
middle of the lung field, while the slightly higher numbers 
were with the rod at the lung periphery. The 10-mm reference 
rod had considerably lower CT attenuation values (apex mean 
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TABLE 1. Variations in CT Numbers 

ee 
Rod 

Phantom Diameter 
(mm) 


Circumstance CT Number (H) 








Highest Lowest Difference 























Apex 25 5 positions 90.2 80.8 9.4 
10 5 positions 48.1 33.3 14.8 
Base 25 5 positions 84.6 73.0 11.6 
f 10 5 positions 52.9 26.8 26.1 
Without With Difference 
Ring Ring 
Apex 25 Added rings 81.1 77.6 3.5 
10 Added rings 29.7 24.6 5.1 
Base 25 Added rings Tov 68.5 T2 
10 Added rings 26.6 18.6 8.0 
Without With Difference 
Insert Inserts 
Base 25 Liver/spleen insert 84.0 403 8.7 


27.5 -7 
Side Anterior Difference 


Base 25 Outside phantom 73.5 52.9 20.6 
10 Outside phantom 31.8 5.9 25.9 


pe a 


10 Liver/spleen insert 35.2 





42.3 H, SD 6.3; base mean 38.4 H, SD 12.0) and had more 
positional variation (Table 1). 

Addition of the two fat-equivalent rings produced a small 
decrease in the mean CT number of the 25-mm and 10-mm 
rods in the lung apex phantom (Table 1). The decrease was 
slightly more for the lung base phantom, but was still only a 
maximum of 8 H for the 10-mm rod. 

The addition of the liver and spleen inserts also produced 
only small changes in the CT attenuation values of either the 
25-mm or 10-mm reference rods (Table 1). The decrease of 
7.7 and 8.7 H occurred when the reference rod was placed 
close to the organ insert. 

Scanning the reference rods outside the phantom produced 
the largest variations in CT attenuation numbers, and some 
of the lowest CT numbers that were encountered (Table 1). 
Presumably, beam-hardening effects are modified when the 
reference rod is outside the chest phantom, and CT numbers 
are lower. 


Part 2: CT Numbers of Reference Rods 
Methods 


Zerhouni et al. [14] used a water bath to determine the 
precise CT number of their reference rods. The standard 
reference rod supplied with the phantom is described as 
having an attenuation value of 264 H, when scanned in water 
with the Pfizer/AS&E 500 scanner [14]. This number was 
derived from the original work by Siegelman et al. [4], who 
found that 164 H was 4 SDs above the representative mean 
CT number for their lung cancer nodules (the nodules were 
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TABLE 2: Corrected CT Density (H) at Two kVp Levels 





Material 80 kVp 140 kVp 
H20 0 0 
50 mg/dl KzHPO, 86 66 
100 mg/dl K2zHPO. 167 125 
200 mg/dl KzHPO, 322 244 
Lucite (18 mm) 110 122 
Reference rod (18 mm) 51 66 
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measured within patients and were of various sizes). An 
arbitrary 100 H was added to the 164 H. 

Two reference rods (10-mm and 30-mm diameter) were 
placed in a lucite cylinder 25 cm in diameter and with 5-mm 
thick walls. The cylinder was filled with water, and the rods 
were scanned. The same factors and the same scanner were 
used as in Part 1 of these experiments. 


Results 


The CT attenuation values of both rods measured 93.0 H. 
This number is about 10 H higher than the mean numbers for 
the larger rods within the chest phantom, but approximately 
170 H lower than the assigned CT attenuation value for these 
rods. 


Part 3: Mineral Content of Standard Rods 
Methods 


The standard reference rods are described as being made 
of “epoxy resin mixed with calcium carbonate powder.” The 
mineral content of a mixture of materials cam be measured 
and quantified using dual energy CT [12]. An 18-mm diameter 
reference rod was therefore placed in the GE 9800 scanner 
with four 18-mm diameter cylinders and an 18-mm diameter 
lucite rod. The four cylinders containec solutions consisting 
of 25, 50, 100, and 200 mg/dl of K2ZHPO,. The two rods and 
four cylinders were scanned at both 80 and 140 kVp. The CT 
attenuation value of water was used to standardize the other 
CT numbers, and these have been corrected to a water CT 
value of 0. 

Because of its atomic number of 5.6, which is lower than 
that of water, the lucite rod increased its CT number at the 
higher kVp (Table 2). The cylinders containing mineral solu- 
tions all had increasing CT attenuation values proportional to 
the amount of mineral they contained. However, they all 
decreased their CT numbers at the higher kilovoltage com- 
pared with the lower kilovoltage. This phenomenon is antici- 
pated when a solution contains mineral. The standard refer- 
ence rod increased its CT number when the scanning kilo- 
voltage increased from 80 to 140 kVp, behaving in a manner 
similar to the lucite rod and not to the mineral-containing 
cylinders. We conclude that the standard reference rod con- 
tains no appreciable calcium carbonate or other mineral. 
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TABLE 3: Size Dependence of Rods 








CT Numbers (H}* 
Diameter 
(mm) Acrylic Standard Reference 
80 kVp 140 kVp 80 kVp 140 kVp 

4 62 76 40 19 

6 93 89 35 1 

18 76 86 50 59 

25 79 95 61 74 

40 83 101 65 83 

* Uncorrected for CT number of water. 


Part 4: Size and Kilovolttage Dependence of CT Numbers 
for the Reference Rods 


Methods 


To confirm the unexpected finding of no appreciable mineral 
content within the reference rods and to quantify the size- 
dependence of their CT attenuation values, we scanned a 
series of reference rods. Five reference rods were suspended 
in air next to five acrylic rods of the same diameter. Both sets 
of rods were scanned at 80 and 140 kVp (Table 3). The 
technical factors were otherwise the same as used in Part 1 
of these experiments. The attenuation values were measured 
from a region of interest in the center of the rod, consisting 
of less than 50% of the image’s surface area. 


Results 


The results of the dual kilovoltage studies were similar to 
those in Part 3, with the CT attenuation values increasing at 
the higher kilovoltage for both the larger standard reference 
rods and the acrylic rods. The acrylic rods have a higher CT 
number at both energies and for all sizes. The CT numbers 
of the standard reference rods were markedly dependent on 
the size of the rod. However, the CT values were uniform 
within each rod and the inhomogeneities produced by what 
has been described as a “rim-effect” were not encountered 
with the GE 9800 scanner. 

The CT attenuation values of the acrylic rods were less 
dependent on their size than were the standard reference 
rods, perhaps because of their slightly higher density (1.25 
vs 1.17) (Table 3). 


Discussion 


The major determinant of the CT attenuation values of the 
standard reference rods in the phantom described by Zer- 
houni et al. [13], when using a GE 9800 scanner, is the size 
of the rod. The smaller the rod, the lower its CT number for 
. rods less than about 25 mm in diameter. The changes in CT 
number in rods of different size in the present series of 
experiments is much greater than described with the “F.F.” 
algorithm on the GE 8800 scanner [15]. This could be ex- 
plained either by the difference in the computer software or 
the difference in the composition of the rods. Clinically, pul- 
monary nodule densitometry using this phantom Is advised 
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only for nodules less than 20 mm in diameter, and thus the 
size-dependence of the rods covers the entire useful clinical 
range. The effect is not due to physical volume-averaging of 
the rod (or nodule) with surrounding air. The outer pixels, 
where volume-averaging could occur, were avoided in the 
measurements and the 1.5-mm silce thickness precludes 
volume-averaging in the 2 axis. However, the smoothing 
algcrithms within the CT reconstruction software have a 
kernel that averages each pixel with its neighbors. This ripple 
effect of the kernel can extend over several centimeters and 
cover the entire rod when image smoothing is used. Thus, 
for rods between 8 and 20 mm in diameter, as much as an 
80-H drop in attenuation can occur, as rods of the same 
material have smaller diameters. interestingly, even with rel- 
atively large rods, an increase in CT numbers was not de- 
tected toward the center of the rod. 

The rationale for a phantom in pulmonary nodule densitom- 
etry is to control variability. The factors causing variability had 
been analyzed for earlier scanners, and were mainly technical. 
The additional factors were biologic in the sense that the 
configuration, size, and composition of the human thorax 
induces variability in measured CT numbers. if this variability 
is random, It cannot be acdressed by scanning a standard 
reference rod in a phantom. If the variability is systematic and 
predictable, it could be addressed by a simple table of CT 
numbers related to patient size or weight. The phantom is of 
value if the variabilities in results are systematic but complex 
and not readily predictable. 

in this study we have analyzed several factors that could 
produce variations in absolute CT numbers. The phantom Is 
designed to compensate for these factors. The machine- 
related factors that have been described are (1) type of 
reconstruction algorithm, (2) design of the system, (3) slice 
thickness, and (4) beam kilovoltage. These have been de- 
scribed as combining to cause variations of up to 100 H in 
the measured CT numbers for different sites within a thorax 
phantom [15]. Unlike the previous scanners, the GE 9800 
scanner used in the present experiments showed no more 
than about 10 to 20 H variation from one site within the 
phantom’s lung field to another. Added thickness of chest 
wall or addition of the liver/spleen inserts likewise produced 
only smal! changes in the CT numbers of the standard refer- 
ence rods. These variations of 10 to 20 H must be contrasted 
with the approximately 150 H by which the reference rods 
are reputed to be higher than the CT numbers for malignant 
nodules. Thus, the cushion built into the system Is much 
greater than the variations we detected. However, the smali- 
est rods measured only 10 to 30 H In the center of the lung 
field and the positional variations were proportionally greater. 
When these smaller rods are used clinically for comparison to 
smail pulmonary nodules, the rod's size becomes a key 
consideration. These small standard rods can measure less 
than 20 H, and an error of a few CT numbers could be critical. 

When the reference rods are placed in air on the outside of 


` the phantom, the CT values are lower and exhibit much more 


variation. This variability can be explained by inaccurate beam 
hardening and scatter corrections when standard reference 
materials are not surrounded by tissue-equivalent material 
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[9]. However, the changes produced by the variable chest 
wall thickness and the abdominal organ inserts do not appear 
sufficient to have clinical significance. 

The absence of calcium and other minerals from the refer- 
ence rods may at first appear to be a problem. The high CT 
numbers in pulmonary nodules is presumed to be from calci- 
fication. However, a plastic or resin rod with an appropriate 
CT number would be more uniform and less sensitive to 
kilovoltage variations than would a calcium-containing rod. In 
the present studies, and using a GE 9800 scanner, acrylic 
rods appeared to be less size-dependent and may be better 
than the material used in the supplied standard reference 
rods. Dual-energy quantification of calcium content of pul- 
monary nodules is an alternative CT approach to nodule 
densitometry [12]. Dual-energy CT is independent of thoracic 
geometry and does not require a standard phantom. 

In conclusion, a GE 9800 CT scanner shows improved 
densitometric capabilities compared with that described for 
previous scanners. The marked size-dependence of the CT 
numbers of standard reference rods is critical and is probably 
a function of the smoothing reconstruction algorithm of this 
scanner. However. the large variations in CT numbers seen 
with previous scanners is not evident on the GE CT 9800. 
Nodule densitometry should be further evaluated with a phan- 
tom approach, but a simplified phantom may be as effective 
as the complex and expensive model tested. Additional re- 
finements in CT software could compensate for the marked 
size-dependence of the CT numbers of pulmonary nodules. 
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Commentary 





The Solitary Pulmonary Nodule: Role of CT 


Stuart S. Sagel’ 


The radiologic management and evaluation of the solitary 
pulmonary nodule discovered on a plain chest radiograph 
does not require CT in most situations. And only in a few 
circumstances is an anthropomorphic phantom of clinical use. 
| work In an exceedingly busy radiology department where 
approximately 300 plain chest radiographic examinations and 
four chest CT examinations are done per day. From the former 
studies, approximately six solitary pulmonary nodules are 
discovered each week. Yet we generally do only one CT 
examination a week to further evaluate the characteristics of 
a newly discovered small solitary pulmonary nodule. Assess- 
ment of the solitary nodule detected on plain chest radiogra- 
phy, after comparison with any previously obtainable studies, 
is initially accomplished by fiuoroscopy-directed low-kilovol 
tage spot films and/or conventional tomograms. in almost all 
circumstances these studies adequately determine whether 
the lesion is well circumscribed and if it contains internal 
calcifications characteristic of benignity. In the few Instances 
in which a well-circumscribed nodule is Identified without 
definite internal calcification, further evaluation by thin-section 
CT is performed. In about 10% of these cases, diffuse calci- 
fication is convincingly demonstrated throughout the nodule 
on narrowly collimated scans (both visually and by cursor 
circle measurement); there is no need whatsoever for com- 
parison with a phantom. Occasionally, other features are 
detected that permit confident diagnosis of a benign lesion, 
such as areas of fat within the nodule consistent with a 
hamartoma. In the remaining patients, with nodules having 
attenuation values between 10-140 H, comparison with the 
phantom developed by Zerhouni et al. [1], and its supplied 
reference nodules, has been extremely helpful and reliable. 
Most of these previously indeterminate nodules wiil have 


threshold and mean attenuation values lower than the com- 
parabie-size reference nodule and will remain indeterminate. 
A few, perhaps one case a month, will have values equal to 
or greater than the reference nodule, and are considered 
presumptively benign, with only close follow-up radiographic 
surveillance recommended to make Certain they have a stable 
growth pattern. 

What information might a clinical radiologist gain from the 
study of de Geer et al. [2] to help in the assessment of the 
solitary pulmonary nodule? My contention is, very little. Their 
study was conducted on an extremely well calibrated re- 
search machine. Can such results really be extrapolated to 
Clinical CT scanners used in everyday practice? | belleve the 
answer is no, and | am buttressed by a recent presentation 
at the 1985 RSNA meeting by Cann, one of the authors of 
the foregoing article, who stated that while the accuracy of 
commercially available CT scanners has improved in recent 
years, according to an analysis of 16 different models from 
nine manufacturers, they still vary greatly In their ability to 
accurately and reproducibly quantify both high and low Z 
components. 

| also disagree with these authors that the reference nod- 
ules have little value. It is true that reference nodules 2.5 cm 
in diameter or greater have an attenuation value that almost 
never varies between 90 and 110 H, no matter where it is 
placed in the phantorn or how thick the simulated chest wall 
is. The scanner we use (Siemens DR 3H, Erlangen, West 
Germany) to the best of my Knowledge is every bit as accurate 
as the GE 9800 (General Electric, Milwaukee, WI). The Images 
are certainly comparable in quality. But reference nodules 
measuring 8 to 20 mm do vary depending on their position in 
the thorax and the patient’s body habitus, and this Is precisely 
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the clinical circumstance (small, well-circumscribed pulmonary 
nodules) for which the phantom is recommended. Over 80% 
of the nodules for which CT is needed to evaluate possible 
occult calcification measure less than 2 cm in diameter. The 
phantom measurements by de Geer et al. on the 10-mm 
reference rod demonstrated 20 H variations with means 
around 42 H; such variations are of major clinical significance. 

| certainly agree that a far less costly and complex phantom 
might now be designed that could overcome some of the 
machine and software variables of the current generation of 
scanners. It is reasonable to question whether every hospital 
with a CT scanner needs to spend approximately $6500 for 
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a phantom to help in the assessment of a relatively infrequent 
Clinical problem. But, for a limited number of Datients, the 
phantom has practical clinical value and its use in single- 
energy pulmonary nodule CT densitometry remains valid. 
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Memorial 


R. Stewart Harrison, 1906-1986 


it saddens me to write of the passing of R. Stewart Harrison, M.D. 
Stewart attended Oxford University on a scholarship. He had an 
Intense interest in mathematics and physics and was one of the early 
shining stars of radiation therapy. He wrote in the 1930s the then 
definitive work on radiation therapy of the larynx. He was Invited to 
Cal Tech and operated, with Dr. Charles Lauritson, the wortd'’s first 
super-voltage radiation therapy machine. He joined the Huntington 
staff in 1940, served in the United States Army In World War Il, and 
returned to become Chairman of Radiology. 

He had mellowed when | first met him. It was always delightful and 
informative to draw him into discussions covering the many subjects 
in which he was an authority. He was truly a Renaissance man. 


Stewart loved art, music and literature, and was fluent in multiple 
languages, a fine cook, a horticulturist, and was competent as an 
electrician and carpenter. 

Stewart was a colorful and irreverent individualist, was innovative, 
and not bound by protocol. The British government would not permit 
him to remove assets from the country, so he used these assets to 
buy a sailboat, which he then sailed from the country. 

The department is rather dull without him, and those who knew 
him weil wil miss him very much. He is survived by his wife, Helen. 


John P. Kassablan 
Pasadena, CA 91105-3201 
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Spontaneous Pneumothorax 
in AIDS Patients with 
Pneumocystis carinii 
Pneumonia 





Although spontaneous pneumothorax has rarely been reported as a complication of 
Pneumocystis carinii pneumonia in AIDS patients, recent experience suggests that its 
frequency is increasing. Seven such cases have been encountered in the past 11⁄2 years, 
whereas no cases were found in an earlier review at San Francisco General Hospital of 
90 AIDS patients of whom 56 had Pneumocystis carinii pneumonia. The cause of this 
increasing frequency is unknown. 


Although several articles have been published describing the chest radiographic 
findings in AIDS [1-4], we know of only one report of spontaneous pneumothorax 
in patients with this disease [5]. In fact, in a recent review of the chest radiographic 
findings in nearly 100 patients with AIDS, no cases of spontaneous pneumothorax 
were encountered [1]. We have recently noted the development of spontaneous 
pneumothorax in seven patients with AIDS-related Pneumocystis carinii pneumonia. 
The purpose of this report is to call attention to the increasing occurrence of 
pneumothorax in Pneumocystis carinii pneumonia. 


Case Reports 
Case 1 


A 40-year-old homosexual male was diagnosed as having Pneumocystis carinii pneumonia 
in August 1985. His chest film at that time revealed bilateral upper-lobe interstitial and nodular 
infiltrates. The patient refused treatment and was discharged. Two months Etter he suddenly 
developed left pleuritic chest pain, followed minutes later by right-sided ches: pain and severe 
shortness of breath. On admission to the Emergency Department the patient was in severe 
respiratory distress. Chest radiograph revealed large bilateral pneumothoraces, small bilateral 
pleural fluid collections, and multiple air-filled cystic spaces (Fig. 1). Bilateral chest tubes were 
placed, but no further treatment was undertaken, at the patient’s request. He died several 
days later. 


Case 2 


A 42-year-old homosexual man was seen in December 1985 and was diagnosed as having 
AIDS. The patient presented at that time with fever, chills, cough, and shortness of breath. 
Chest radiograph demonstrated diffuse reticular interstitial infiltrates (Fig. 24). Sputum induc- 
tion was positive for Pneumocystis carinii. Despite antibiotic therapy the patient's condition 
deteriorated. Eight days after admission he developed shortness of breath and left-sided 
pleuritic chest pain. Chest radiograph now revealed a large left pneumothorax, as well as 
progression of the diffuse lung disease (Fig. 2B). A chest tube was placed: however, the 
patient continued to deteriorate, and he died several days later. 


Case 3 


A 27-year-old homosexual man presented in July 1984, with a 3-week history of shortness 
of breath, fever, and cough. Chest radiograph revealed diffuse reticular interstitial infiltrates. 
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Small right apical blebs were noted (Fig. 3A). Pneumocystis carinii 
pneumonia was diagnosed by bronchoscopic aspiration. Antibiotic 
therapy resulted in marked clinical improvement; however, 1 month 
later the patient developed sudden shortness of breath and left 
pleuritic chest pain. Chest radiograph revealed a left pneumothorax 
in addition to diffuse lung disease (Fig. 3B). The pneumothorax 





Fig. 1.—Case 1. Bilateral spontaneous pneumothorax and diffuse lung 
disease consistent with Pneumocystis carinii pneumonia are evident. Note 
upper lobe cystic air spaces. 
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resolved with chest-tube treatment, and the patient was subsequently 
discharged. 


Discussion 


The chest radiograph of patients with Preumocystis carinii 
pneumonia most often reveals a diffuse ‘eticular interstitial 
pattern [1, 2]. Pleural fluid and lymphadenepathy are uncom- 
mon [1-2, 6-8]. Dissemineted fungal, viral, and other parasitic 
diseases have also been reported, with a radiographic ap- 
pearance that may be indistinguishable from Pneumocystis 
carinii pneumonia [1, 6, 9-11]. 

In the first 4 years of our experience with chest-film findings 
in AIDS, pneumothorax was seen only as a complication of 
bronchoscopy in a small umber of patients. Spontaneous 
pneumothorax was not otserved; however, in the past year 
spontaneous pneumothorax has been seen with some fre- 
quency. The reason for this increased frequency is not known. 
The finding of pneumatoceles and smaller cystic spaces be- 
fore the development of preumothorax in some patients may 
be of importance (Fig. 1). Such cystic areas may result from 
a check-valve mechanism caused by airwey inflammation or 
may be due to disordered parenchymal architecture second- 
ary to chronic infection anc inflammation. T>ese in turn could 
result in pneumothorax either by direct rupture into the pleural 
space or by proximal interstitial dissecticn similar to that 
produced experimentally by Macklin and Macklin [12]. 

Ventilator-induced barot-auma is a welFknown cause of 
pneumothorax [13]; however, the pneumo-horaces in these 
patients were not associated with ventilator treatment. We 
have not observed spontaneous pneumotorax in AIDS pa- 
tients without Pneumocystis carinii pneumonia. 
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Fig. 2.—Case 2. A, Diffuse interstitial lung disease is evident, consistent with Pneumocystis carinii pneumonia. B, 8 days later progression of lung disease and 


spontaneous left pneumothorax are apparent. 


AJR:147, July 1986 


PNEUMOTHORAX IN AIDS 31 





A 


present. 


REFERENCES 


i 


Goodman PC, Broaddus VC, Hopewell PC. Chest radiographic 
patterns in the acquired immunodeficiency syndrome. Am Rev 
Respir Dis 1984;129:36 


. Gamsu G, Hecht ST, Birnberg FA, Coleman DL, Golden JA. 


Pneumocystis carinii pneumonia in homosexual males. AJR 
1982;139:647-651 

Hill CA, Harle TS, Mansell PWA. The prodrome: Kaposi sarcoma, 
and infections associated with acquired immunodeficiency syn- 
drome: radiologic findings in 39 patients. Radiology 1983; 
149:393-399 

McCauley DI, Naidich DP, Leitman BS, Reede DL, Laubenstein 
L. Radiographic patterns of opportunistic lung infections and 
Kaposi sarcoma in homosexual men. AJR 1982;139:653-658 
Wollschlager CM, Khan FA, Chitkara RK, Shivram U. Pulmonary 
manifestations of the acquired immunodeficiency syndrome 
(AIDS). Chest 1984;85:197-202 


_ Stover DE, White DA, Romano PA, Gellene RA, Robeson WA. 


Spectrum of pulmonary diseases associated with the acquired 


10. 


Ve, 


Ta 


13. 


Fig. 3.—Case 3. A, Diffuse interstitial lung disease is present, consistent with Pneumocystis carinii pneumonia. B, 1 month later, spontaneous pneumothorax is 
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Some Issues Important in Developing Basic Radiation Protection Recommendations. National Council on 
Radiation Protection and Measurements Proceedings No. 6. Bethesda: NCRP Publications, 325 pp., 1985. $19 


This book contains the Proceedings of the Twentieth Annual 
Meeting of the National Counci on Radiation Protection and Meas- 
urements, which took place on April 4 and 5, 1984. It Includes papers 
presented during the scientific program, the annual Taylor Lecture, 
briefing sessions on what the NCRP should be doing for federal 
agencies, and reports from selected NCRP committees. Each of the 
scientific sessions is followed by a discussion from the floor. Subject 
areas covered in these reports are listed below. 

An overview of the status of human risk assessment is given by 
W. J. Schull and K. M. Weiss. Absolute and relative time-response 
models In. radiation risk estimation are presented by J. D. Boice, Jr., 
G. W. Beebe, and C. E. Land. The effects of age, sex, ethnic, and 
individual differences upon. risk estimation and the probability of 
causation are discussed by S. Jablon. The effects of prenatal expo- 
sure to ionizing radiation are covered by R. W. Miller. A comparison 
of Incidence and mortality as a basis for determining risks from 
environmental agents is presented by E. P. Wadford. The genetic 
impact of low-level ionizing-radiation risk estimates is covered by S. 
Abrahamson. The nonstochastic effects of tonizing radiation are 
discussed by A. C. Upton. Internal emitter fimits for lodine, radium, 
and radon daughters are discussed by R. A. Schlenker. Dosimetric 
aspects are covered by R. H. Thomas. 


Dr. Warren K. Sinclair, President of the NCRP, discusses how the 
various topics covered in the Scientific Session might be used In the 
future. A great deal of information is presented in these sessions that 
will be of Interest to those concerned with current efforts in radiation 
protection and with directions that should be taken in future research. 

Dr. Harald H. Rossi's Teylor Lecture, entitled “Limitation and 
Assessment in Radiation Protection,” is reproduced in the book, as 
well as statements from representatives of federal agencies (Nuclear 
Regulatory Commission, Environmental Protection Agency, Center 
for Devices and Radiological Health, and Department of Energy). The 
gist of these statements relates to the Importance of the NCRP and 
how It should Independently interrelate with federal agencies. The 
book also includes: short reports from several NCRP scientific com- 
mittees on the biologic effects and exposure criteria for radio fre- 
quency electromagentic fielcs; current practices, technology and 
recommendations In mammography; legal aspects of radiation ex- 
posure and potentially related injury; and radiation exposure control 
in a nuclear emergency. 
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Gated Cardiac MRI: Ejection- 


Fraction Determination Using the Right 
Anterior Oblique View 





Fifteen adults underwent gated cardiac MR scans in the right anterior oblique position. 
End-diastolic and end-systolic images were acquired in an imaging plane parallel to the 
ventricular septum using spin-echo image acquisition on a 0.35-T system. Analysis of 
ventricular volumes and ejection fractions was performed using the area-leagth method. 
These results were correlated with ejection fractions obtained from angiocardiography. 
The linear regression line obtained for ejection fraction was y = 0.74x + 16 and the r 
value was 0.789, indicating a reasonable correlation between the two methods. 


Assessment of left ventricular volume and ejection fraction is important in the 
clinical management of patients. Most methods are invasive and employ ionizing 
radiation; angiocardiography is the reference standard for determination of ejection 
fraction at the present time. Recent refinements in equipment and technique have 
advanced MR imaging of the heart [1, 2]. Imaging in an oblique caronal plane 
parallel to the interventricular septum allows direct comparison with the standard 
right anterior oblique view obtained during single-plane angiocarciography (Fig. 1). 
Selection of the imaging plane can be performed electronically or by orienting the 
patient in an oblique position (Fig. 2) [3-5]. We scanned 15 patients in an oblique 
position and compared ejection fractions with the results calculated from their 
angiocardiographic data. Both methods employed the modified area-length algo- 
rithm for determination of ventricular volumes [6-9]. 


Methods 
Subjects and Materials 


Twenty adult patients volunteered for the study. The final group consisted of two women 
and 13 men ranging in age from 30 to 70 years (mean age, 56). Five patients were excluded 
because of incomplete MR or angiographic studies. No patients were excludec because of 
technically suboptimal MR studies. All patients had an angiocardiogram within 1 week of the 
MR exam. Gated cardiac MR images were obtained with a spin-echo technique using a 0.35- 
T superconducting magnet and an echo delay of 28 msec. Gating was accompished using 
the patient's ECG signal coupled to the imaging system via an isolating fiberoptic link. Gating 
was triggered on the rise of the QRS complex. For end-diastolic images, daté acquisition 
began 5 to 10 msec after the gating pulse. For end-systolic images, data acquisition was 
delayed for several hundred mesc, in order to coincide with the downslope of the T-wave 
[10]. Typically, this was 200 to 300 msec and was determined either by inspecting the 
patient's ECG tracing, if available, or by using a standard nomogram that relates ‘he average 
Q-T interval to the heart rate. 

We used the following technique to select an optimal single plane through the ong axis of 
the left ventricle, approximately parallel to the interventricular septum; end-systolic and end- 
diastolic volumes were then calculated using a modified area-length algorithm. Petients were 
initially scanned in the supine position in an axial plane centered at the nipples; five 7-mm- 
thick sections were obtained at 10-mm intervals. Visualization of the muscular portion of the 
ventricular septum allowed an estimate of the amount of obliquity necessary or imaging 
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Fig. 1.—Angiographic image of the heart, obtained in right anterior oblique projection. A, End-diastolc frame. B, End-systolic frame. 





Fig. 2.—Gated MR images of the same patient as in Fig. 1, obtained in the right anterior oblique position. A, End-diastolic image. B, End-systolic image. 
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Fig. 3.—Area and length measurements of the left ventricle obtained from MR. A, End-diastolic image. B, End-systolic image. 


parallel to the midportion of the septum. Because the septum is a 
curving structure, the best plane for long-axis imaging would pass 
through the left ventricular apex and run parallel to the midportion of 
the muscular septum. As the scanner in use did not yet incorporate 
off-axis rotation of the gradient fields, the patient was rolled into a 
right anterior oblique position and stabilized with a foam sponge and 
padding. The degree of obliquity was dictated by the orientation of 
the interventricular septum on the initial transaxial images; this was 
usually 30 to 45°. A second gated transaxial scan was obtained to 
check the orientation of the septum and to determine the level of the 
plane through the apex of the left ventricle. The plane through the 
largest cross-section of the left ventricle seen on the midventricular 
transverse image was selected, and gated coronal images were then 
obtained in end-systole and end-diastole as outlined above. The 
complete MR study took 60 to 90 min on average. 


Data Analysis 


Both end-diastolic and end-systolic images were analyzed in an 
identical manner. The inner margin of the left ventricular myocardium 
was traced on a monitor using a trackball to define the region of 
interest (Fig. 3). Minor wregularities caused by trabeculae and the 
papillary muscles were largely excluded from the region of interest. 
The region’was closed over the expected location of the mitral valve 
plane; in some cases the valve was visualized and could be traced 
directly. The scanner software provided the total number of pixels 
from which the area of the region was calculated. The distance of the 
long axis was determined by drawing a line from the apex of the left 
ventricle to the upper aspect of the mitral valve. The coronal plane 
image usually included the left atrium and the mitral valve. In some 
instances, the coronal plane excluded the mitral valve plane and an 


estimate of the approximate location of the valve plane was made by 
inspecting the adjacent posterior or anterior images obtained during 
the imaging sequence. The mitral valve, rather than the aortic, was 
used as a reference for defining the long axis because it was visible 
in a larger number of cases, and generally allowed definition of a long 
axis closer to the middle of the chamber. The same anatomic refer- 
ence was maintained for the long axis measurement on end-diastolic 
and end-systolic images for each patient. 

Left ventricular volumes from the MR studies were determined by 
the modified area-length algorithm, which assumes that the left 
ventricular cavity is an ellipsoid. The following formula was used: 


volume = 0.849 (area)*/length, 


where area = total area in the region of interest in square centimeters; 
length = length of the long axis of the left ventricle in centimeters; 
and volume = ventricular volume in milliliters. 

Ejection fractions were determined in the standard manner: 


(EDV — ESV) j 
EDV 


EF% = 100, 
where EF = ejection fraction, EDV = end-diastolic volume, left 
ventricle; ESV = end-systolic volume, left ventricle. 

Left ventricular volumes were determined in a similar manner from 
the angiocardiography images; measurements of left ventricular vol- 
ume and ejection fractions were performed by an independent ob- 
server, without the MR images. 

To evaluate interobserver variability, end-diastolic and end-systolic 
volumes in 10 patients were measured by a second observer inde- 
pendently of the first, using the same anatomic landmarks; ejection 
fractions were also calculated and compared. 
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Fig. 4.—Graph showing regression line between MR and angiographically 
measured ejection fractions; y = 0.74x + 16 (r = 0.789). 


TABLE 1: Comparison of Absolute Left Ventricular Volume 
Measurements and Ejection Fractions Determined by 





Anglocardiography and MRI 
End-Diastotic End-Systniic 

eo Volume Volume Ejection Fraccion 
No MRI Angio MRI MRI 
(mi) (mi) (mi) (mi) (%) [%) 

1 201 160 65 74 68 54 

2 106 124 33 48 68 62 

3 NA 309 NA 125 43 60 

4 112 43 29 11 74 74 

5 NA 53 NA 21 57 60 

6 225 103 145 V7 36 26 

7 129 76 58 30 56 61 

8 166 117 59 44 64 62 

9 162 125 44 37 73 70 


10 NA 225 NA 81 54 64 
11 150 125 40 32 74 74 
12 150 135 40 48 74 64 
13 NA 101 NA 27 75 74 
14 NA 125 NA 15 42 40 
15 164 121 99 54 40 55 


Note.— Anglo = angiocardiograpiy; NA = data not available. 





Results 


A least-squares fit was employed in the linear-regression 
analysis of MR vs angiocardiography ejection fractions. The 
regression line was y = 0.74x + 16 and the r value was 0.789 
(Fig. 4). This represents a reasonable correlation between the 
two methods. Correlation was poor between the volume 
measurements at catheterization and those from the MR data 
(Table 1). 
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The average interobserver differences were 8.6 mi (8%) for 
end-diastolic volume and 5 ml (11%) for end-systolic volume, 
resulting in a mean difference in the calculated ejection frac- 
tions of 5.5% (an average 10% discrepancy). 


Discussion 

A reasonable correlation exists between ejection fractions 
determined by MR imaging and those obtained from anglo- 
cardiographic images (Table 1). Both methods used the area- 
length algorithm with the right anterior oblique view of the left 
ventricle. Although angiocardiography is considered a refer- 
ence standard, there are certain advantages to the MR tech- 
nique. MR is noninvasive and there is excellent contrast 
between intraventricular blood and the endocardial surface. 
Current scanners provide good spatial as weil as temporal 
resolution using ECG-gated image acquisition. Even in the 
absence of electronic oblique imaging, it is possible to obtain 
long-axis images by placing the patient in an oblique position. 

Although there was reasonable correlation between the 
two methods, the disparity that did exist can be attributed to 
multiple factors. MR is a tomographic technique while anglo- 
cardiography is a projectional technique. Chamber areas and 
long-axis measurements have unavoidable differences be- 
tween the two methods, but these differences will tend to 
cancel when a ratio such as ejection fraction is measured. 
Further, significant errors can occur using elther method if 
the patient or the equipment is improperiy positioned. Addi- 
tionally, identification of appropriate landmarks and manual, 
subjective tracing of the endocardial surface introduce errors 
in the estimation of the left-ventricular chamber area. Calcu- 
lation of volume from a s ngle tomographic image will contain 
inaccuracies not only because the ellipsoidal geometric model 
is only an approximation, but also because of motion of the 
center of the left ventricle into or out of the image plane during 
the cardiac cycle. This could not be corrected for with our 
current scanner capabilities; the same single tomographic 
imaging plane was used for both end-diastolic and end- 
systolic images. Anothe~ source of error can arise from the 
determination of gating times for end-diastolic and end-sys- 
tolic image acquisition. 

Ejection fractions were consistently more accurate than 
absolute ventricular volumes. This is not surprising as the 
ejection fraction measures the relative change from diastole 
to systole. Consequently, it is not severely affected by inac- 
curacies in volume determinations as long as the errors from 
end-diastolic and end-systolic volumes are of the same mag- 
nitude and in the same direction. 

Although we have demonstrated the feasibility of using MRI 
to determine left ventricular ejection fraction, the single-plane 
technique employed in this study is time consuming and 
somewhat awkward to use. Hence, we do not expect this 
method to find widespread clinical use. However, most major 
MRI equipment manufacturers are developing techniques for 
mitigating these difficulties, Including fast-scanning methods 
that permit acquisition of multiple, gated, contiguous Images 
through the heart, with all images representing essentially the 
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same point in the cardiac cycle. With such techniques, vol- 
umes may be calculated directly by summing the areas, 
without recourse to geometric approximations. In addition, 
the introduction of electronic oblique imaging [3-5] will permit 
convenient acquisition of tomographic images parallel to 
either the short or long anatomic axis of the heart. With these 
innovations, we feel there will be a role for MRI in assessing 
dynamic cardiac function. 

In summary, gated MR imaging in the right anterior oblique 
position can provide a reasonable estimate of left ventricular 
ejection fractions. The technique is completely noninvasive, 
and no ionizing radiation is employed in image acquisition. 
Standard, commercially available equipment and commercial 
software were used for image acquisition and analysis. Re- 
finements in technique as well as technology should improve 
the correlation between the MR data and angiocardiographic 
data. 
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Review 





Double Contrast Examination of the Colon: Principles and Practice. By A. Weissman, M. Ciot, J. Grellet. Berlin: 
Springer-Verlag. 165 pp., 172 figures and photos, 1985. $39.50 


This monograph Is more than a basic introduction to the subject 
of the alr-contrast diagnostic enema. The physical principles respon- 
sible for the images are explained In detal with illustrative diagrams 
and excellent photographic reproductions from actual studies. While 
by no means exhaustive, most of the commonly encountered path- 
ologic entities are reviewed. The procedures for obtaining the best 
study are outlined in detail, including the patient manipulation and 
positioning necessary for coating the colon and uncovering fine 
mucosal lesions. The book is an excellent atlas and can serve to 
demonstrate to our colleagues in clinical practice the value of this 
technique. 

The bowel preparation, extensively presented, is quite similar to 
the Miler approach with a large 2-liter water enema and two laxatives, 
hydration, and dietary restriction. It varies omy that the hydration the 
day before the examination is less aggressive and 1 mg of Atropine 
is given orally, routinely, except in those patients who have glaucoma 
or prostatic urinary obstruction, In which case Glucagon is used. 
Also, the authors use only 300 mi of barium and employ much effort 
in positioning to distribute this barium to the cecum. 


The authors cite three factors that produce technical failure: the 
presence of excess barium, inadequate distension, and fitm over- 
exposure. Their technique uses no spot films and decubitus films are 
considered optional, although they do obtain three erect fams. They 
present a very strong section on image interpretation, which is helpful. 
They present the hat sign of a small sessile polyp, the ring sign of 
other smaller polyps, and erasure sign wherein part of the base of 
the polyp is normally not seen, and also the bowler hat sign of an 
intermediate sized polyp. Walin’s stripes and aphthous ulcers In 
ulcerative colitis are beautifully described and Illustrated. 

This monograph is an excellent review of the subject for those of 
us who have been performing these studies and is also a marvelous 
introduction for the many radiotogists who would like to expand their 
techniques into this area. 
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Digital Indirect Portography 





Thirty-eight patients underwent digital indirect portography with arterial injections of 
dilute contrast medium. The portal system was seen in 37 patients. Compared with 
conventional portography, the technique offers many advantages, including increased 
sensitivity and earlier visualization of the portal venous system, lower contrast loads, 
and lack of need for vasodilators. Digital indirect portography is an excellent method 
for evaluating the portal venous system. 


Many arterial studies of the liver, spleen, and pancreas have been supplanted by 
cross-sectional imaging, but careful portal venous imaging still is impartanz in some 
patients. Although transhepatic portography and conventional and digital spleno- 
portography may also be used to evaluate the portal system, the most common 
method is conventional (indirect) arterial portography. Compared with conventional 
portography, digital indirect portography (DIP) has several advantages, including 
lower contrast load, lack of need for vasodilators, capability for postprocessing 
image manipulation, quickness and ease of examination, reduced film.and contrast 
cost, and less time needed for room and technical staff. 


Subjects and Methods 


A total of 38 patients were examined using DIP (18 females and 20 males, ranging in age 
from 21 months to 75 years). The two major purposes for examination were: (1) to evaluate 
patients with a history of colon carcinoma with metastases to the liver who were being 
considered for either liver resection or placement of an intrahepatic chemotherapeutic pump 
(12 patients), and (2) to evaluate patients with portal hypertension who were either being 
considered for a decompressive shunt (11 patients) or, if a shunt was already present, to 
determine shunt patency (five patients). Other criteria for examination included: splenomegaly 
with gastrointestinal bleeding (three patients), suspected pancreatic tumor (‘wo patients), 
recurrence of hepatoma after partial hepatectomy (one patient), biliary atresia before planned 
liver transplant (one patient), Wilms’ tumor metastatic to liver (one patient), Budd-Chiari 
syndrome (one patient), and an indeterminant liver mass seen with CT (one patient). 

Except for one adult patient in whom a 6.5-French catheter was used, ai other adults 
were studied with 5-French catheters; children were examined with 3- or 4.1-French catheters. 
In most cases, the examination consisted of selective injections into the caiac axis and 
Superior mesenteric artery with more selective injections performed as needed. Injection rates 
for both celiac and superior mesenteric artery injections were 6 mi/sec for a total of 36 ml in 
most patients. Several patients received up to 50 mli/injection, although children received as 
little as 9 ml/injection. For subselective injections, injection rates were less. In 11 patients, 
the investigational drug iopamidol at a concentration of 128-150 mg !|/m! was used; in six 
patients, ioxaglate at a concentration of 160 mg l/m! was used. The rest of the patients 
received Na-meglumine diatrizoate at concentrations of 141-185 mg |/ml. Most test injections 
were performed with 60% Na-meglumine diatrizoate (292 mg |/ml). The average dose of 
contrast medium in the 38 patients studied was the equivalent of 60 ml of 76% contrast 
medium, although 23 of 38 patients were examined using the equivalent of 50 ml or less of 
76% contrast medium. In many of the patients receiving higher contrast loads, the increase 
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was secondary to use of greater volumes of the more concentrated 
contrast medium for test injections. 

Digital images were obtained at a rate of 2/sec for a total of 10- 
20 sec on commercially available digital units interfaced to 9-in. 
bimodal or trimodal image intensifiers. Images were recorded on a 
912 x 512 x 8 bit matrix. In selected patients, glucagon, 0.5-1.0 
mg, was administered intravenously to arrest bowel gas motion. In 
no instance was a vasodilator administered specifically for the pur- 
pose of enhancing portal visualization. 


Results 


In all 38 patients, the arterial anatomy and pathology were 
well seen. Significant abnormal arterial findings were present 
in 10 patients. In one of the 12 patients with hepatic metas- 
tases from the colon, a left gastric artery arising directly from 
the aorta giving rise to the left hepatic artery was seen, 
necessitating placement of two intraarterial chemotherapy 
infusion pumps. In another prepump patient, the hepatic 
artery filled from the superior mesenteric artery via the gas- 
troduodenal artery as the celiac axis was compressed by an 
arcuate ligament. A mass was seen during the arterial phase 
in three of the 12 patients with metastatic colon carcinoma. 

In one patient, a vascular blush in the pancreas correspond- 
ing to an insulinoma was detected. Splenic artery encasement 
was seen in two patients, one with pancreatic carcinoma and 
another with splenomegaly and upper-gastrointestinal bleed- 
ing. The patient who underwent partial hepatectomy for hep- 
atoma showed multiple tumor nodules. A replaced left hepatic 
artery from the left gastric artery with reversal of flow in the 
gastroduodenal artery was seen in another patient. 

In 37 of 38 patients (97%), the portal venous system was 
adequately visualized. In one of the 12 patients with meta- 
static colon carcinoma, portal vein occlusion with periportal 
collateralization was seen (Fig. 1). The other 11 patients with 
metastatic colon carcinoma showed no significant portal ve- 
nous abnormality. 

Of the five patients studied for shunt patency, distal sple- 
norenal shunts were patent in four patients (Fig. 2). An 
occluded mesocaval shunt with flow into a patent portal vein 
with associated retrograde flow into the coronary vein and 
gastric varices was seen in the fifth patient. As demonstration 
of shunt patency by either digital or conventional indirect 
methods does not ensure proper graft function, in one case 
where graft stenosis was suspected and ultimately confirmed 
it was necessary to obtain further physiologic data; therefore, 
selective graft catheterization for pressure measurements 
was performed. Of the 11 patients with portal hypertension 
Studied preoperatively for a decompressive shunt, five 
showed retrograde filling of the coronary vein, four with 
associated varices (Fig. 3); three patients showed sponta- 
neous splenorenal shunting, two with splenic vein thrombosis 
(Fig. 4). Two patients with portal hypertension had normal 
findings during the portal venous phase. The single technically 
inadequate portal venous study occurred in the sixth patient, 
because she failed to hold her breath. 

Two of the three patients with splenomegaly and gastroin- 
testinal bleeding showed splenic vein thrombosis. The third 
patient showed hepatofugal flow in the splenic vein. The 
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Fig. 1.—Portal vein thrombos s in patient with colon carcinoma metastatic 
to the liver. Portal venous phase after selective celiac axis injection shows 
occlusion of proximal portal vein (curved arrow) at junction of splenic vein 
(short white arrows) and supericr mesenteric vein (open arrows). Retrograde 
flow in coronary vein (short black arrows), and superior mesenteric vein with 
reconstitution of periportal collaterals (/ong white arrows). 





Fig. 2.—Postoperative study in patient with distal splenorenal shunt. Arterial 
phase mask of venous image allows for simultaneous display of both arterial 
(white) and venous (black) phases. A selective celiac axis injection demon- 
strates splenic artery (white) end flow of contrast material from splenic vein 
(short arrow) into left renal veir (long arrow). 


patient with pancreatic carcinoma showed splenic vein occlu- 
sion with collateral vessels draining to a patent portal vein 
(Fig. 5). The patient with Budd-Chiari syndrome showed spon- 
taneous splenorenal shunting with a patent portal vein (Fig. 
6). The five remaining patients showed no significant abnor- 
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Fig. 3.—Massive gastroesophageal varicies in child with cystic fibrosis and Fig. 4.—Splenic vein thrombosis in patient with portal hypertension. A 
portal hypertension. Examination was performed after a digital splenoporto- venous phase image after selective splenic artery injection shows occluded 
gram demonstrated marked spontaneous splenorenal shunting. Diminutive nonvisualized splenic vein. Tangle of collateral vessels is present around 
portal vein (curved arrow) with retrograde flow in markedly enlarged coronary expected site of splenic vein. Superimposed arterial phase mask (not shown) 
vein (open arrow) and splenic vein (straight black arrow), and prominent would show expected position of splenic vein beneath splenic artery. 


gastroesophageal varices. 


aon 





\" 
L 





A B 


Fig. 5.—A, Celiac a»is injection in patient with pancreatic carcinoma. En- collateral flow to portal vein (curved arrow) is demonstrated via gastroepiploic 
casement of the splenic artery (arrow). Filling of gastroepiploic artery (open vein (arrows) and coronary vein (open arrow). 
arrows). B. Portal venous phase in same patient. Splenic vein ts occluded and 
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Fig. 6—Spontaneous splenorenal shunt in patient with Budd-Chiari syn- 
drome. Arterial phase mask of venous image allows for simultaneous display 
of both arterial (white) and venous (black) phases. A selective splenic artery 
injection demonstrates tortuous splenic artery (white) with nonvisualization of 
splenic vein. The arterial phase mask is helpful in determining expected position 
in splenic vein. Mass of collateral vessels is seen with contrast material flowing 
into left renal vein (black arrow) and inferior vena cava (open arrowheads). 


mality during the portal venous phase. 

The only complication, occurring in the patient with the 
insulinoma, was a guidewire-induced spasm in the gastrodu- 
odenal artery, which responded to treatment with intraarterial 
tolazoline. 


Discussion 


Conventional arterial portography is the standard method 
for examining the portal venous system; indications and tech- 
niques for the examination have been well described [1, 2]. 
Other angiographic methods of examining the portal system 
include the direct invasive techniques of transhepatic portog- 
raphy [3, 4], conventional splenoportography [5, 6], and digital 
splenoportography [7]. Neither transhepatic portography nor 
splenoportography provide information about the arterial sys- 
tem of the liver, pancreas, or spleen, and neither procedure 
is recommended in the presence of significant ascites. 

When compared with conventional arterial portography, DIP 
offers many advantages. The rate of inadequate visualization 
for conventional arterial portography is reported to be ap- 
proximately 20-25% [8]. Our improved rate of visualization 
of the portal system may be attributed to the increased 
contrast sensitivity of digital imaging techniques. In addition, 
it is Our impression that DIP allows for earlier visualization of 
the portal system. In some patients the portal system was 
seen early in the examination while arterial opacification was 
Still evident (Figs. 7 and 8). This earlier visualization may 
improve patient cooperation, as they do not have to hold their 
breath as long. 
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Fig. 7.—Normal study in patient being evaluated for preoperative chemo- 
therapy pump. Portal system (oper. arrow) is seen early after selective celiac 
axis injection (black arrow) while artzrial phase is still present. Both arterial and 
venous phases appear black as venous image was not remasked with arterial 
phase, as in Figures 2 and 6. 





Fig. 8 —Recurrent hepatoma. C ips are noted at site of partial hepatectec- 
tomy. The portal venous phase (open arrows) is seen early after celiac axis 
injection (white arrow) while arterial phase is still present. Both arterial and 
venous phases appear black as venous image was not remasked with arterial 
phase. Also noted is rounded blush of tumor nodule (curved arrow) 


DIP allows for a lower total contrast load when compared 
with conventional arterial portography. Recommended dos- 
ages for conventional arterial portography are 6-13 ml/sec of 
76% contrast medium (370 mg I/ml) for a total of 36-78 ml/ 
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injection depending on whether a vasodilator has been ad- 
ministered. This may result in a high contrast load if multiple 
injections are required. Total contrast loads with the digital 
technique are usually one-third to one-half that used for 
conventional studies. The lower contrast load allowed by DIP 
is important in two respects. Patients with liver disease may 
have some element of hepatorenal syndrome and attempts 
to keep contrast loads as low as possible will minimize further 
impairment in renal function. In addition, decompressive shunt 
surgery for portal hypertension may be associated with intra- 
operative hypotension that may cause postoperative acute 
tubular necrosis. Keeping contrast dosage at a minimum in 
these patients studied preoperatively may lessen the inci- 
dence of pastoperative acute tubular necrosis. 

Other investigations, using digital subtraction angiography 
for portal venous imaging, reported using 76% contrast [9]; 
however, we have had excellent results with more dilute 
contrast preparations. Smaller volumes of more concentrated 
contrast may be suitable, but larger volumes of a more dilute 
preparation may provide better mixing and longer opacifica- 
tion. 

Vasodilators, frequently a routine part of the conventional 
examination [10], were not used in any of our patients. 
Although vasodilators do aid in visualization of the portal 
venous system, we have found their use unnecessary be- 
cause of the increased contrast sensitivity of the digital sys- 
tem. This avoids the risks of administering vasodilators to 
patients with portal hypertension and a history of upper- 
gastrointestinal bleeding. 

in 17 of our patients iopamidol or ioxaglate was used. A 
previous report of digital celiac arteriography using lopamidol 
reported decreased pain and warmth felt by the patient, 
allowing for better breath-holding [11] and therefore de- 
creased patient motion and improved image quality. An ad- 
ditional advantage of the low-osmolarity contrast agents is a 
decreased osmotic effect when compared with the conven- 
tional ionic agents. Low-osmolarity contrast materials draw 
less extravascular fluid into the intravascular space than do 
conventional ionic agents. The presence of high-osmolarity 
76% Na-meglumine diatrizoate in the capillary bed of the gut 
causes an influx of extravascular water into the vascular 
space along with an associated efflux of contrast medium out 
of the vascular space into the extravascular space. The use 
of more iso-osmotic contrast media may result in decreased 
dilution, increased concentration, and increased opacity of 
the low-osmolarity agents as compared with ionic agents 
when performing indirect imaging of the contrast-filled portal 
vein [12]. For this reason, we currently use nonionic contrast 
medium as our agent of choice when performing either digital 
or conventional arterial portography. 

The use ef digital imaging techniques allows for a full range 
of postprocessing capabilities, including remasking, pixel 
shifting, and filtration. All these features may enhance portal 
venous visualization. We frequently like to use an arterial 
mask when viewing the portal venous phase (Figs. 2 and 6). 
This allows for simultaneous display of both arterial and 
venous phases, which helps in recognizing a venous structure 
by nature of its relation to an arterial counterpart. This is 
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particularly true when venous anatomy may be bizarre sec- 
ondary to venous occlusion or variceal formation. 

As conventional indirect portography requires some of the 
longest filming times used in the angiography suite, digital 
imaging may significantly decrease film costs. The examina- 
tion may also be performed more quickly and easily, resulting 
in less time required for room and technical staff. 

Although digital subtraction techniques have possible dis- 
advantages, such as limited field size and artifacts from 
patient motion, with one exception we have not found these 
to be a problem. The unit we currently use has a 9-in. image 
intensifier, and we have found field coverage to be adequate. 
Of course, newer 12- and 14-in. image intens‘iers will allow 
even greater field coverage. 

In summary, DIP is an efficient and sensitive method for 
evaluating the portal venous system with significant advan- 
tages over conventional arterial portography. IE may be used 
as the examination of choice when more direct methods of 
portal venous imaging, such as transhepatic and/or spleno- 
portography, are unavailable or contraindicated. 
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Progress in Radiopharmacology 1985. Edited by Peter H. Cox, George Limouris, Martin G. Woldring. Dordrecht, 
The Netherlands: Martinus Nijhoff, 287 pp., 1985. $54 


Despite its title, this is actually a collection of papers presented in 
March 1984 at the 4th European Symposium on Radiopharmacology 
in Athens. All 19 essayists are from European centers. The papers 
are grouped into four general sections: 1) The Respiratory System, 
2) Cerebral Function, 3) Biodistribution and Metabolism, and 4) Extra- 
neous Factors Affecting Biodistribution. 

For clinical radiologists, the review of physiology of the respiratory 
system and the articles on production and use and limitations of the 
noble gases and aerosols contain useful background information. 

The section on cerebral function is similarly organized, with one 
long paper on the pertinent brain physiology relating to the newer 
“functional” radiopharmaceuticals and shorter papers on more spe- 
cific topics, such as radioiodinated amphetamines. 

The third section is a miscellaneous group of essays on newer 
radiopharmaceuticals for heart-function study and on iron and liver 
metabolism. A final paper in this section on thyroid therapy is an 
attempt to put some science back into I-131 therapy, which for most 
of us has become rather empirical. The author computes the size of 


the gland from sonographic measurements and estimates effective 
half-life with serial uptake determinations. With these methods the 
author states the dose given is within +20% of the intended dose. 
He does not give the millicurie dosage range used or the resultant 
myxedema rate in his patients in this paper. 

The extraneous factors discussed in the final section are addressed 
to clinical nuclear medicine with a few more exotic factors discussed. 
The last paper is on Ga-67. The author emphasizes the importance 
of the nature of the Ga-67 solution injected in maximizing the lesion- 
background uptake ratio. It may be we have missed an important 
consideration in our struggles with Gallium imaging. 

Progress in Radiopharmacology 1985 is worth looking at for nu- 
clear medicine practitioners, although it is not a reference book for 
the shelf in the department. 


Wm. A. Wilcox 
Minneapolis, MN 55424 


Hand-Held and Automated Breast Ultrasound. By Lawrence W. Bassett, Richard H. Gold, and Carolyn 


KimmeSmith. Thorofare, NJ: Slack, 204 pp., 1986. $49.50 


This rather inexpensive and lucidly written volume fills the need for 
a good guide for those involved in performing sonography of the 
breast. 

The volume begins appropriately with chapters on ultrasound 
physics and instrumentation and technique and continues with sec- 
tions on the normal breast, benign disorders, malignant lesions, 
pitfalls and their avoidance, and quiz cases. A glossary of definitions 
of terms used in ultrasound physics and instrumentation is included. 
The authors discuss real-time hand-held and automated whole breast 
ultrasonography and their relative merits. The features of three whole 
breast-automated ultrasound units are described and compared. 

The authors properly emphasize the supplementary role of breast 
ultrasonography in the evaluation of breast masses and fully cover 
the diagnostic errors that may arise from faulty interpretation and 
technically suboptimal examinations. 


The book is liberally illustrated and the quality of reproduction of 
mammograms and ultrasound studies is excellent. There are well- 
chosen references at the end of each chapter. A chapter containing 
quiz cases is a particularly good feature to point out the pitfalls of 
ultrasound analysis of the breast. 

| can recommend this book highly and believe that it should be a 
must reading for those beginning to perform ultrasonography of the 
breast. It is also a basic book for breast ultrasound technologists and 
should be a part of the library of any radiology department performing 
such examinations. 


Arthur Lieber 
University of Kentucky Medical College 
Lexington, KT 40536 
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CT Evaluation of Kimray- 
Greenfield Filter 
Complications 





CT is a simple noninvasive method for evaluating inferior-vena-caval filters. The 
cross-sectional format offers an advantage over other techniques because the pericaval 
region is also evaluated. Thirteen patients scanned for localization and suspected 
complications of the Kimray-Greenfield filter revealed pericaval organ injury, retroperi- 
toneal hematoma, and filter perforation. These events could only be inferred indirectly 
from other imaging techniques. In addition, CT easily demonstrated the position of the 
filter within the inferior vena cava and the relation of the filter to the renal veins. CT is a 
valuable adjunct to radiography, echography, and contrast venography in monitoring 
patients with Kimray-Greenfield filters. 


Vena-caval filters have provided an attractive method of pulmonary-embolus 
prevention in patients who have either recurrent pulmonary embolus despite 
anticoagulant therapy or contraindications to anticoagulants. The Mobin-Uddin 
umbrella has fallen into disfavor because of a high frequency of migration and 
thrombosis. The Kimray-Greenfield filter, however, has proven to be relatively 
effective with a low complication rate [1]. 

Complications do occur, however, and may be classified as malposition, which 
occurs at the time of insertion, or migration, which occurs some time after 
satisfactory positioning. Angulation or perforation can occur at any time. 

Initially, these filters were followed by plain radiographs or inferior venacavo- 
grams. Serial radiography is still of value in following any change of configuration 
of the filter. Cavography is able to demonstrate intracaval thrombosis and some 
cases of perforation, but is an invasive procedure. Sonography may be limited 
technically by overlying bowel gas, wounds, or body casts. CT provides a complete 
evaluation of the filter including both caval and extracaval complications. Several 
previous publications have provided case demonstrations of CT appearances of 
the Kimray-Greenfield filter [2-5]. The purpose of this paper is to report a detailed 
analysis of our experience with the Kimray-Greenfield filter. 


Materials and Methods 


Between 1982 and 1985, eight women and five men were scanned for localization or 
suspected complications of the Kimray-Greenfield filter. The patients ranged in age from 21 
to 73 years. The patients were scanned on a fourth-generation CT unit using 200 mA at 2 
sec and 120 kV. The scans were done from the level of the symphysis pubis to the level of 
the diaphragms at 1.5-cm intervals using 10-mm collimation. Forty ml of iothalamate meglu- 
mine injection U.S.P. 60% were injected by bolus technique through a 19-gauge needle into 
the basilic venous system, after which a rapid drip infusion of iothalamate meglumine injection 
U.S.P. 30% was begun. 

Filter position, filter penetration of the inferior vena cava, inferior-vena-caval thrombosis, 
and filter angulation were tabulated. Filter position was determined by noting the position of 
the proximal hub of the filter in reference to the right renal vein. Inferior-vena-caval penetration 
was tabulated by visualizing one strut more than 3 mm outside the inferior-vena-caval wall or 
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at least two struts more than 2 mm outside the vena-caval wall. Caval 
clot was demonstrated by a low-density area within the cava or by a 
doubling of the caval diameter on the scans below the filter, as 
compared with the caval diameter above the filter. The filter angle 
was measured in reference to the long axis of the inferior vena cava. 


Results 


The hub of the filter was above the confluence of the 
common iliac veins and below the renal veins in six patients. 
It was at the level of a right renal vein in two patients, into 
the right renal vein in two patients, and suprarenal in three 
patients. In one patient the hub of the filter was in the right 
atrium. There was penetration of the inferior vena cava in 
nine patients. These included penetration of struts into the 
liver, diaphragmatic crus, duodenal wall, portal vein, and 
psoas muscles. Psoas muscle hematoma was seen in two of 
these cases. Caval thrombosis below the filter was seen in 
three patients. Four patients had filter angulation. All four of 
these patients had inferior-vena-caval penetration. In two 


AJR:147, July 1986 


Fig. 1.—Normal filter placement. A, 
Filter apex. Section through artifact pro- 
ducing hub below level of renal veins. B, 
Midfilter. Prongs form ring within caval 
lumen. C, Filter base. Prongs outline pe- 
rimeter of inferior vena cava (IVC). Prongs 
divide the IVC into six equal segments. 


Fig. 2.—Angulated filter. A, Hub oc- 
cupies eccentric position in right side of 
inferior-vena-caval lumen (arrow). B and 
C, Left-sided prongs, now obliquely ori- 
ented to long axis of patient, are imaged 
as lines. Nonsymmetric gaps between 
prongs are present. 


patients, the CT findings of pulmonary infarct were noted at 
the lung bases. 


Discussion 


When the Kimray-Greenfield filter is properly positioned in 
the inferior vena cava, CT sections through the base of the 
filter show the struts as small dots arranged in a circle. The 
circle encompasses the entire lumen of the cava. As the 
sections progress higher toward the apex of the filter, the 
Struts are still seen as dots, but the circle they form is smaller 
than the caval lumen. Finally, sections through the apex show 
the dense, sometimes artifact-producing hub (Fig. 1). 

A tilted filter is no loncer perpendicular to the plane of the 
section, and therefore prongs will appear as lines rather than 
as dots. A properly positioned filter divides the inferior-vena- 
caval lumen into six equel components. A tilted filter destroys 
this geometric arrangement, forming both smaller and larger 
gaps (Fig. 2). Theoretica ly, this situation creates wider holes 
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Fig. 3.—|nferior-vena-caval thrombus. 
A, Low-demsity thrombus (arrow) sur- 
rounded by blood. B, Inferior venacavo- 
gram confirms thrombus (arrowheads) at 
level of renal veins. 


Fig. 4.—1nferior-vena-cava thrombus. 
A, Note striking discrepancy between IVC 
lumen above filter (white arrow) and lu- 
men at filter base (black arrow). B, Inferior 
venacavogram shows large thrombus (ar- 
rowheads) filling caval lumen from the 
confluence to the filter. 





through which emboli may pass. The larger gaps can be of the cone and thereby trapped [6]. In accordance with this 
appreciated on CT sections. The proposed principle of axial theory, therefore, even angulated filters would still be effec- 
flow, however, suggests that a small, moving embolus, upon tive. 

encountering a filter strut, is then redirected toward the apex The diameter at the base of the filter is variable. Greenfield 
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defines the maximum span of the base to be 30 mm, whereby 
other series report a range of 19 to 26 mm [2, 6]. This latter 
group, however, included complicated cases. A recent study, 
measuring Kimray-Greenfield filter span, showed a range of 
13 to 30 mm [7]. A change in filter span may be more 
significant than absolute measurements. An increase in span 
seen on plain radiographs could imply perforation. A few CT 
sections through the filter would be confirmatory. Conversely, 
a decrease in filter span has been shown to signify thrombus 
in and around the filter or thrombosis in the inferior vena cava 
[2, 6, 6]: 

Thrombus below the filter is seen as a low-density area 
surrounded by the relatively higher density of freshly moving 
blood in the cava (Fig. 3). This was seen in two of our patients. 
A recent clot, however, may be isodense with the caval 
contents if it fills the cava or if a good bolus injection cannot 
be obtained. A caval clot, however, can be strongly suspected 
if one sees a marked discrepancy in size between the cava 
below and above the filter (Fig. 4). Venous collateral flow also 
occurs in these cases. 

The design of the filter allows 80% of its depth to be filled 
before a pressure gradient is produced across the filter [6]. 
Therefore, on sections through the filter, the entire lumen may 
appear to be filled with thrombus, but this would not imply 
caval occlusion. Thrombus seen above the filter, however, is 
Clinically significant, implying that the filter is either ineffective 
or thrombogenic. 

CT is unexcelled in the demonstration of filter perforation. 
The filter is usually tilted so that the struts appear as lines 
extending outside the caval wall. We detected caval penetra- 
tion in 70% of our patients, even though the filter is designed 
so that sharp points do not push directly into the caval wall. 
The frequency of this finding in our series is in part due to our 
patient selection. However, we suspect that this is not an 
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Fig. 5.—Filter perforation into adjacent struc- 
tures. A, Prong in wall of right common iliac artery 
(arrow) at aortic bifurcation. B, Prong in right dia- 
phragmatic crus (arrowhead). Incidentally noted is 
a splenic artery aneurysm. 





Fig. 6.—Filter perforation into retroperitoneum causing a psoas muscle 
hematoma (H). 


atypical finding in that most caval penetrations are asympto- 
matic. 

The duodenum, ureter, and psoas muscles are neighboring 
structures that are vulnerable to the prongs of the filter. In 
our series, filter penetration into multiple organs was seen 
(Fig. 5). There were also two cases of psoas muscle hema- 
toma probably caused by filter penetration complicated by 
anticoagulants (Fig. 6). Many patients are given filters because 
of their inability to tolerate anticoagulants. The use of antico- 
agulants with inferior-vena-caval filters may be associated 
with an increased frequency of retroperitoneal bleed owing to 
the high prevalence of caval penetration. Other than a drop 
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Fig. 8. —Two filter prongs extend into right renal vein (arrows). Note right 
psoas hematoma (H). 


in hematocrit, the patients with vena-caval penetration were 
asymptomatic. 

The proper position of the filter device in a clot-free cava is 
above the confluence of the common iliac veins and below 
the renal veins. Generally, the filter is placed under fluoros- 
copy at the level of the second lumbar spine pedicle or at the 
midportien of the renal outline [4]. In three of our patients, 
the filter was imaged above the renal vein. This was due 
either to malplacement, migration of the filter, or intentional 
placement of the filter above the level of the renal vein because 
of a high caval clot. One of these patients had the filter within 
the right:atrium (Fig. 7). This has been reported at least three 
times previously and may predispose to migration of the filter 


KIMRAY-GREENFIELD FILTER COMPLICATIONS 49 





Fig. 9.—Peripheral wedge-shaped pulmonary infarction (arrowhead) with 
typical “Hampton's Hump.” 


to the right ventricle [9]. 

Malposition of vena-caval filters can potentially occur into 
any caval tributary. The most common malposition is into a 
renal vein. Scans will show the struts as lines extending into 
one of the renal veins (Fig. 8). Not only will the misplaced filter 
offer less protection against emboli, but the filter could theo- 
retically lead to thrombosis of a renal vein. Iliac vein placement 
has had no reported sequelae. 

Since ours was a retrospective study, in which CT was 
done for primarily problem cases, the frequency of complica- 
tions was understandably high. CT scanning in these cases, 
however, offered a simple, noninvasive method of obtaining 
diagnostic information regarding the Kimray-Greenfield filter. 
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Position, relation to renal veins, perforation, and pericaval 
injury were effectively documented. In addition to this, other 
diagnostic information about surrounding structures was ob- 
tained. For instance, CT in two of our patients showed the 
classic CT findings of pulmonary emboli (Fig. 9). 

Plain radiographs are a useful screening technique in the 
uncomplicated case to detect gross disturbances in filter 
span, position, and orientation. If there is a high suspicion of 
filter perforation or caval thrombosis, duplex real-time pulsed 
Doppler sonography has been shown to be an effective and 
simple technique for detecting these complications [10]. Fre- 
quently, however, the inferior vena cava cannot be sono- 
graphically detected because of technical factors. Such cases 
should then be referred for CT, which will clearly image not 
only filter position and caval status but also pericaval struc- 
tures. Our study is too smail to conclude that CT can replace 
cavography; the latter technique, however, can confirm caval 
thrombosis if it is questionabie on CT or sonography. Although 
CT is not used as a screening technique in the evaluation of 
caval filters, it is a valuable adjunct to other techniques In 
treating the complicated case. 
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Angiography in the In Situ 
Saphenous Vein Bypass 





In situ saphenous vein bypass is a technique of lower-extremity revascularization that 
is gaining popularity as an alternative to the reversed saphenous vein graft. In the latter, 
the saphenous vein is removed from its bed and reversed before arterial anastomosis. 
The former uses the vein in situ after the venous valves are made incompetent and the 
perforators are ligated. Only the proximal and distal ends of the vein are mobilized for 
anastomosis. The radiologist assists in the management of these patients by performing 
preoperative venography, intraoperative arteriography, and postoperative arteriography 
when required. Techniques of these procedures, along with normal and abnormal 
findings, are discussed. 


Before the early 1960s autogenous vein grafts for infrainguinal bypass of 
atherosclerotic vascular disease used only the reversed saphenous vein. In this 
procedure, the saphenous vein is removed from its bed and reversed to allow 
normal antegrade arterial flow in the graft past the venous valves. In 1959, the in 
situ saphenous vein bypass was initially attempted by C. G. Rob [1]. This procedure 
requires mobilization of the proximal and distal saphenous vein, anastomosis to 
the appropriate arterial branches to be bypassed, interruption of the venous 
perforating branches, and removal of the valvular obstructions to arterial flow. 
Inconsistent results led to abandonment of the procedure in the United States. 
Subsequent successful reintroduction of the procedure by Hall [2] in Scandinavia 
using multiple venotomies for valvulotomy was essentially ignored in the United 
States until the development of new instruments and techniques for incising the 
venous valves [3, 4]. 

The main advantage of the in situ over the reversed saphenous graft is the 
prevention of ischemia to the wall of the vein itself, thus limiting the resulting intimal 
injury and reducing the tendency for thrombosis and development of degenerative 
changes. Clinical results show great promise. As the technique gains further 
acceptance, more radiologists will participate in the evaluation of patients preop- 
eratively, intraoperatively, and postoperatively. The purpose of this paper is to 
discuss this surgical procedure, to suggest techniques for radiologic involvement, 
and to illustrate the normal and abnormal radiologic findings at angiography. 


Radiologic Evaluation 
Preoperative 


Preoperative saphenous venography is used routinely for several purposes: to 
demonstrate the patency and continuity of the saphenous vein, to identify variations 
of saphenous anatomy, and to demonstrate the location and size of large perforat- 
ing veins. The patient is supine on a long film changer, and a venous catheter is 
inserted into the greater saphenous vein at the ankle or in a dorsal foot vein. 
Contrast material is injected at a constant rate while the patient flexes his foot in 
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A B 


Fig. 1.—A, B, C, Normal saphenous venogram. Perforators (curved arrows) connect saphenous vein (small arrows) 
with deep veins (open arrows). Radiopaque numbers and letters for preoperative localization. 


the plantar direction against a resistance [5, 6]. This causes 
muscular contraction in the calf, which compresses the deep 
venous system and the perforating veins, forcing most of the 
contrast material into the superficial system. In another tech- 
nique [7], a butterfly needle or venous catheter is inserted 
with the patient on a tilting fluoroscopy table, and contrast 
material is injected until the saphenous vein is optimally 
opacified. Spot films are taken. The Valsalva maneuver or a 
semierect position retards emptying of contrast material from 
the venous system and allows better opacification. When the 
patient is unable to cooperate with plantar flexion, weight- 
bearing also has a greater compressive effect on the deep 
system than the superficial and may give a similar result. A 
series of radiopaque markers on a length of tape affixed to 
the leg with corresonding skin-marking facilitates surgical 
localization of any significant perforators that may fill on the 
venogram. 

To prevent thrombophlebitis and venous thrombosis, the 
amount of time that contrast material is in contact with the 
walls of the veins is minimized. In addition, 3000 units of 
heparin are injected into the foot vein before the venogram, 
and heparinized saline is infused afterward. The nonionic and 
dimeric contrast materials, which have lower osmolality, are 
better tolerated and are less likely to cause thrombosis than 
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Fig. 2.—Saphenous venogram with 
suboptimally filled double saphenous sys- 
tem (straight arrows), which forms com- 
mon trunk (curved arrow) 1 cm before 
joining femoral vein. 


conventional ionic agents [8, 9]. 

The saphenous vein normally consists of a single main 
trunk from its origin to its junction with the femoral vein in the 
groin [2]. From zero to four bicuspid venous valves may be 
seen in the lower leg and from zero to six in the thigh [10]. 
Normal perforating veins extend from the saphenous to the 
deep venous system. They are commonly found just cephalad 
to venous valve sites (Fig. 1) [2]. Variations of saphenous 
anatomy are fairly common. Although most saphenous veins 
have one main trunk, occasionally there are two parallel trunks 
for variable distances as far as the popliteal region (Fig. 2). In 
shorter double systems, one or both trunks may be used for 
bypass [2]. These or other anatomic variations may compli- 
cate or dictate modification of the surgical procedure. Small 
size of the saphenous vein may be another complicating 
factor. However, since filling and distension of the vein at 
venograhy may be suboptimal and its size may be significantly 
underestimated [6], the saphenous vein should not be aban- 
doned in favor of a synthetic graft until surgery has confirmed 
the inadequacy of the saphenous vein. In some patients the 
Saphenous vein may be unsuitable because of discontinuous 
or stenotic segments. These may be secondary to anatomic 
variation, thrombophlebitis, or iatrogenic trauma, and they 
may require use of a synthetic graft. 
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Fig. 3.—Narmal intraoperative arteriograms. A, 
Surgical clip at site of previous perforating vein. Per- 
forators are common just proximal to venous valve 
sites (straight arrows). Native popliteal artery (curved 
arrow). Natve anterior tibial artery (open arrow). 
Needles overlying femur used for intraoperative lo- 
calization. B, Another bypass uses both limbs of 
double saphenous system (/arge arrows). Perforators 
have been ligated or clipped (open arrows). 


Normal perforating veins become arteriovenous shunts 
when the saphenous vein is arterialized. Theoretically, per- 
sistent perforators may compromise arterial pressure and 
flow in the distal graft by diversion into the low-pressure 
venous system. The presence of larger perforating veins may 
also make incision of more distal valve cusps difficult [4]. If 
these pertorators fill on preoperative venography, knowledge 
of their existence and location is an aid to their obliteration at 


surgery. 


Intraoperative 


Intraoperative angiography is performed after completion 
of the proximal and distal anastomoses and ligation of all 
perforators that are visible or palpable or that have been 
detected by Doppler flowmeter. A 21-gauge butterfly needle 
is inserted into the saphenous vein just distal to the proximal 
anastomosis. Twenty milliliters of contrast material are in- 
jected, and a radiograph of the graft in the thigh is taken. 
During anather 20-ml contrast injection, a second film of the 
distal anastomosis and runoff vessels completes the evalua- 
tion (Fig. 3). This localizes any significant residual perforating 
veins. The perforators are judged by size and by the amount 
of flow, which is determined by the degree of opacification of 
the deep veins (Fig. 4). Any remaining competent venous 
valve cusps cause partial or complete obstruction, as do 
technical imperfections at the distal anastomosis (Figs. 5 and 


IN SITU SAPHENOUS VEIN BYPASS 53 





6). If significant endothelial trauma has occurred, filling defects 
caused by thrombi may be detected within the graft (Fig. 5). 
Radiopaque markers (e.g., needles in Figs. 3 and 4) along the 
graft allow easy localization of any abnormalities for correc- 
tion. If surgical corrections are required, a follow-up intra- 
operative angiogram is performed to assess the results. 


Postoperative 


The need for postoperative angiography is dictated by 
clinical evaluation and Doppler studies. Poor graft function is 
usually caused by lesions similar to those discussed under 
intraoperative angiography. Femoral arteriography is per- 
formed with a rapid film changer to give the best demonstra- 
tion of persistent perforators (Figs. 7 and 8). When these 
perforators are significant, they are ligated surgically under 
local anesthesia. A series of radiopaque markers is fixed to 
the leg adjacent to the graft (Fig. 8). Skin marks corresponding 
to the radiopaque markers facilitate surgical localization, if 
this should be necessary. Persistent competent venous 
valves may jeopardize graft patency and require reoperation 
and incision (Fig. 8). Graft stenosis, if accompanied by symp- 
toms, may require correction. 


Discussion 


Failure of standard reversed saphenous vein grafts occurs 
during three time intervals—early (0 to 30 days), intermediate 


Fig. 4.—Intraoperative arteriogram. A, Multiple 
perforeting veins (small arrows) communicating 
with femoral vein (large arrow) of deep system. 
Because of shunting, distal graft does not fill. B, 
After clipping of perforators, distal graft is opacified. 
Only insignificant perforators remain. 





A B 


Fig. 5.—Intraoperative arteriogram. Stenotic defects Fig. 6.—Intraoperative arteriogram. A, Stenotic defect (arrow), possibly at valve site. Poor opacifi- 
in graft (arrows) with associated thrombi. Lower defect cation at area of distal anastomosis (curved arrow) due to stenosis or thrombus. B, Both defects 
is at distal anastomosis. corrected. Graft outline is sharp. Native distal popliteal art2ry (open arrow). Anterior tibial artery (/arge 


arrow). Posterior tibial and peroneal arteries (arrowheads). 
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Fig. 7 Postoperative arteriogram. In situ graft (g) with distal anastomosis 
to anterior tibral artery (smal! arrows). Persistent perforating vein (open arrows) 
forming arteriovenous communication to popliteal vein (curved arrow). Smaller 
perforators are probably insignificant. 

Fig. 8. —Posteperative arteriogram. A, Proximal saphenous vein graft (open 
arrows) with no distal flow past persistent perforating vein (curved arrows). 


(30 days to 3years), and late (3 to 6 years). Early graft failure 
is most often due to suboptimal surgical technique, improper 
level of anastomosis, or poor selection of patient [11]. Most 
graft failures occur in the intermediate period. The most 
common cause of failure in this interval is the presence of 
structural defects in the graft. These may include defects in 
the saphenous vein that are not recognized preoperatively 
(e.g., fibrotic valves or stenotic vein segments), as well as 
undiscovered surgically created defects (e.g., stenosis at 
anastomoses). Both are potentially preventable by changes 
in preoperative evaluation and improved surgical technique. 
Degenerative changes of myointimal hyperplasia, acquired 
sometime after surgery, are thought to be secondary to 
ischemic damage to endothelium and smooth muscle [12]. 
During excisien and reversal of the vein, there is both disrup- 
tion of the vasa vasorum in the wall of the vein and interruption 
of flow thraugh the lumen of the vein. This combined ischemia 
may be the cause of the degenerative changes that lead to 
many of the graft failures in the intermediate period. Late graft 
failures (3 to 6 years) are much less common and are usually 
related more to the progression of the underlying atheroscle- 
rotic process than to problems with the graft itself. 

The in situ saphenous vein bypass was devised as a means 
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Superficial femoral artery is occluded, filling collaterals. B, Later in artenogram 
reconstituted popliteal artery (black arrow) fills distal graft segment retrograde 
(open arrows). Contrast material again fills perforator (curved arrow). Sequence 
of opacification suggests competent valve complicating persistent pertorating 
vein. Flow through perforatory may have allowed graft to remain patent despite 
obstruction to distal flow by valve (surgically proven). 


of avoiding ischemia of the wall of the saphenous vein. Since 
the vein remains in its bed, vasa vasorum are for the most 
part preserved. Flow through the lumen of the vein is also 
interrupted for a shorter time than in the reversed vein graft. 
The limited ischemia of the vein wall, together with delicate 
surgical manipulation of the vein limits intimal injury and 
reduces the tendency for thrombosis and degenerative 
changes. Another advantage of the in situ method is the 
similar size of the vessels to be anastomosed. In the reversed 
graft, the larger proximal end of the vein is anastomosed to 
the smaller distal artery. This limits the diameter of the distal 
artery that can be successfully bypassed. The in situ graft 
tapers gradually so that the caliber of the small distal vein 
matches the distal artery and an anastomosis is technically 
possible down to and even below the ankle [3]. In addition, 
whereas reversed grafts fare poorly with poor-quality runoff 
vessels, in situ grafts may remain patent even when anasto- 
mosed to occluded tibial segments [4]. 

Experimental results in dogs demonstrate marked degen- 
erative changes in the wall of the reversed vein graft com- 
pared with the nearly normal wall of the in situ graft [12]. 
Clinical trials demonstrate good immediate and long-term 
results [13], and one prospective randomized study confirmed 
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the superiority of the in situ graft [12]. A recent series pre- 
sented 385 cases with a cumulative patency of 83.6% at 2 
years and 73.2% at 4 years [3]. 

Hall [14] found that most residual perforating veins were 
small (less than 2 mm in diameter) and closed spontaneously 
within 4 months. The two larger perforators in his series 
(approximately 2 mm) were easily detected by auscultation; 
one closed spontaneously at 10 weeks and one was ligated 
at 4 months. Another study [15] used arterial injection of 
radionuclide-labeled albumin microspheres to correlate post- 
operative arteriovenous shunting with clinical and arterio- 
graphic status of in situ grafts. Clinically significant shunting 
occurred only when 50% or more of the blood flow was 
diverted from the distal graft. Therefore, only the largest 
persistent perforators have any deleterious effect on graft 
patency, and most need not be evaluated or ligated merely 
because of their presence. 

However, when graft function is poor postoperatively, ar- 
teriography may reveal persistent perforating veins that are 
hemodynamically significant (Figs. 7 and 8). Ligation of the 
perforators may then be performed under local anesthesia. 
Rates of reoperation for persistent perforators range from 3 
to 7% in various series [3, 16, 17]. In a recent series of 44 
bypasses [18], 10 postoperative arterlograms were required 
within 2 weeks of surgery. Four revealed significant persistent 
perforating veins, and three of these were successfully re- 
paired by percutaneous transcatheter embolization using 
stainless steei coils. Although this alternative approach shouid 
be considered, we believe that the ease of the surgical ligation 
and possible complications from catheterization of a newly 
created anastomosis favor the surgical approach. 

The in słu saphenous vein bypass is a relatively new 
procedure that is rapidly gaining popularity. The radiologist 
plays a significant role in evaluating and managing these 
patients. 
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CT After Uncomplicated 
Esophageal Sclerotherapy 





CT scans of the lower chest were performed before and after elective uncomplicated 
endoscopic esophageal variceal sclerotherapy in nine patients. CT findings included (1) 
esophageal wall thickening, (2) low attenuation within the wall giving the esophagus a 
laminated appearance, (3) a predominantly low attenuation mediastinal effusion that 
was often masslike, (4) obliteration of mediastinal fat planes, (5) thickening of the 
diaphragmatic crura, (6) pleural effusions, and (7) subsegmental atelectasis. No me- 
diastinal or pleural gas was seen. Changes were less severe in patients who had 
received sclerotherapy several times in the past and in those who were given the least 
amount of sclerosant. An understanding of the CT changes after clinically uncomplicated 
esophageal sclerotherapy will aid in the interpretation of scans performed on patients 
with suspected complications. 


Endoscopic esophageal sclerotherapy (EES) has recently gained widespread 
acceptance in the United States for the management of bleeding esophageal 
varices. Changes after EES are known to occur in the esophagus, paraesophageal 
mediastinum, and pleural space, as demonstrated by barium examination [1-3] 
and chest radiograph [4]. Complications from EES range from mild mucosal 
ulceration to perforation, necrosis, mediastinitis, and abscess [1, 2, 5-10]. CT 
superbly images the esophageal wall and paraesophageal mediastinum and can 
be used to evaluate these regions in patients suspected of having severe compli- 
cations. An understanding of the CT findings after uncomplicated EES would be 
useful in the interpretation of scans performed on patients suspected of having 
severe postprocedural complications. This study reviews the CT findings after 
uncomplicated EES. 


Materials and Methods 


During the period between Decembrer 1984 and July 1985, a prospective study was 
performed with nine patients who underwent a limited CT evaluation of the chest immediately 
before and the morning after elective uncomplicated endoscopic esophageal sclerotherapy. 
In the opinion of an experienced gastroenterologist, all the patients underwent a routine 
procedure and postprocedural observation period and there were no complications. Patients 
were discharged from the hospital immediately after the post-EES CT performed the norning 
after the procedure. 

The patients ranged in age from 34 to 74 years and included six men and three women. 
The etiologies of liver disease included ethanol abuse in seven, non-A non-B chronic active 
hepatitis in one, and cryptogenic cirrhosis in one. The number of previous EES procedures 
performed in these patients ranged from 0 to 10 (Table 1). 

EES was performed in all nine patients using a flexible endoscopic intravariceal injection 
of sodium morrhuate at multiple levels. A maximum of 2 ml of sclerosant was injected at any 
one site, and total volumes/procedure ranged from 8 to 20 mi (Table 1). The patient's 
temperature, white blood cell count, hematocrit, and overall clinical status inclucing the 
presence or absence of dysphagia, odonophagia, and rebleeding were considered in evalu- 
ating the success of a procedure. 
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TABLE 1: Description of Patients who Underwent Endoscopic 
Esophageal Sctłerotherapy 





Etiology No Volume 
Age Gender of Previous injected 

Cirrhosis EES {mh 
56 F ETOH 2 19 
42 M ETOH 1 20 
74 M ETOH 2 20 
61 F CRYPT 8 15 
52 M ETOH 1 20 
49 M ETOH 1 18 
53 F ETOH 0 20 
34 M CAH 10 10 
63 M ETOH 9 8 


Note..--EES = esophageal sclerotherapy; ETOH » aicoholiemn; CRYPT = 
cryptogenic cirrhosis: CAH = Non-A, non-B chronic active hepatitis. 


All CT examinations were performed on a Technicare 2060 scanner 
(Solon, OH) with a 2-sec scan time. Scans were obtained using 
contiguous 1-cm slices beginning at the carina and extending inferiorly 
to 5 cm into the abdomen in order to Include the gastroesophageal 
junction and proximal stomach. All scans were performed during or 
after the IV administration of 100-130 ml of 60% iodinated contrast 
material. 

Pre- and post-EES scans were reviewed for each patient with 
attention to the esophagus, paraesophageal mediastinum, pleural 
space, and pulmonary parenchyma. The maximal dimensions (width 
and longitudinal extent) of esophageal wail thickening (when present) 
were recorded on both pre- and post-EES scans. Density character- 
istics of the esophageal wall were also evaluated and compared to 
adjacent uninvolved esophagus (high attenuation) and pleural fluid 
(low attenuation). The paraesophageal mediastinum was evaluated 
for the presence or absence of an effusion, obliteration of fat planes, 
crural thickening, and gas. The maximal anteroposterior, longitudinal, 
and mediolateral dimensions of the effusion were recorded. The 
predominant density as well as homogeneity of the effusion were 
also noted. In addition, the presence or absence of new or Increased 
pleural effusions, pleural alr, and parenchymal atelectasis were eval- 
uated. 


Results 


Esophagus 

Seven of the nine patients had normal esophageal wall 
thickness on their pre-EES CT while two showed thickening. 
All nine patients showed new or Increased wall thickening 
with differences ranging from 4 to 20 mm (Fig. 1). The 
longitudinal extent of thickening on post-EES scans ranged 
from 5 to 14 cm. In each case, the length of wall thickening 
was larger than the span of injections with differences ranging 
from 1 to 12 cm. All nine patients had normal wall densities 
on pre-EES scans, and all nine developed a low-attenuation 
region within the esophageal wall on post-EES scans (Table 
2). This gave the esophagus a laminar appearance with an 
inner high-density ring (comparable to adjacent uninvolved 
esophageal wall) surrounded by a thicker low-attenuation 
band that was covered by an additional higher attenuation 
region (Figs. 2 and 3). 


Paraesophageal Mediastinum 


All nine patients had a normal paraesophageal mediastinal 
space on pre-EES scans. All patients developed mediastinal 
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TABLE 2: CT Findings in Nine Patients After Endoscopic 
Esophageal Scierotherapy 





Struct No. of 


Esophagus 


Finding 


Wall thickening 9 
Laminar appearance 9 
Parassophageal medias- 
tinum 
Effusion 9 
Masslike with left-atium 6 
flattening 
Low attenuation (homo- 5 
4 


Obfiteration of fat planes 9 
Thickening of crura 4 
Gas 0 


Pleural space 
New or increased pleural ef- 
fusion 


7 
R>L 6 
L>R 1 
Gas 0 

Lung 
Subsegmentai atelectasis 6 





Note.—R = right; L = left 


effusions with obliteration of paraesophageal fat planes on 
post-EES scans (Fig. 3). In six patients, the mediastinal effu- 
sion was masslike with buiging contours and flattening of the 
left atrium (Figs. 3 and 4). In five patients, the effusion was 
homogeneous and of low attenuation, comparable to adjacent 
pleural fluid (Fig. 5). in four patients, the effusion was predom- 
inantly of low attenuation but was heterogeneous containing 
areas of higher attenuation (Fig. 3). Four patients had thick- 
ening of the diaphragmatic crura and none of the patients 
demonstrated mediastinal gas (Table 2). The ranges of anter- 
oposterior, mediolateral, and longitudinal dimensions of the 
mediastinal effusions were 0.8-6.2, 4-10, and 3-17 cm, 
respectively. The difference between the longitudinal extent 
of the mediastinal effusion and the length of injection was 1- 
15 cm. 


Pleural Space and Lungs 


Seven of the nine patients had new (five) or increased (two) 
pleural effusions. The effusions were larger on the right in six 
patients and larger on the left in one (Figs. 2, 3, and 5). None 
of the patients had pleural gas and six demonstrated subseg- 
mental atelectasis on post-EES scans (Table 2). 

The mildest changes within the esophageal wali and par- 
aesophageal mediastinum were seen in two patients (Fig. 6). 
The same two patients were the only ones who did not have 
postprocedural pleural effusions. These patients had had the 
greatest number of previous EES procedures (10 and 9, 
respectively) and least amount of sodiurn morrhuate Injected 
(10 and 8 mi). 
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Fig. 1.—Wall thickening. Post-endoscopic esophageal sclerotherapy scan 
shows asymmetrically thickened low-attenuation esophageal wall (white arrow). 
Liver mass (black arrow) proved to be a hepatoma. 

Fig. 2 —Laminated esophageal wall. Esophagus with high-attenuation inner 
and outer rings (black arrows) and a larger central low-attenuation region (white 
arrow). Predominant left pleural effusion (e). 
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Fig. 3.—Post-endoscopic esophageal sclerotherapy scan showing a lami- 
nated esophagus (large white arrows) and a predominantly low-attenuation 
bulging mediastinal effusion (clear arrows) with areas of high attenuations black 
arrows). Note obliteration of mediastinal fat planes and bilateral pleura! effu- 
sions 





Fig. 4.—Mediastinal effusion posteriorly indenting left atrium (LA). 
Fig. 5. Homogeneous low-attenuation mediastinal effusion (arrows). 
Fig. 6.—Minor changes within esophageal wall and mediastinum and ab- 


Discussion 


Although first performed in 1939 by Crafoord and Frenckner 
[11], EES has only recently gained widespread acceptance in 
the United States as a treatment for bleeding esophageal 
varices. The sclerosant is injected via a flexible endoscope 
either submucosally adjacent to or directly into the varices [9, 
12]. Shortly after EES, there is active inflammation that leads 
to intramural fibrosis, which in turn mechanically obliterates 
the varices and shunts blood from the submucosal to mus- 
cular layers [6, 13]. EES is successful in stopping active 
bleeding in 90% of cases [8, 9, 12] and may decrease the 
incidence of recurrent bleeding [6, 8, 14]. 

Sivak et al. [5] and Clark et al. [7] reported overall compli- 
cation rates of 2.4% and 7%, respectively, in patients 
undergoing EES. Complications resulting from EES include 
esophageal perforation, wall necrosis, hemorrhage, medias- 
tinitis with abscess, esophagopleural fistula, empyema, 
esophageal dissection with submucosal hematoma, esopha- 
goesophageal fistula, sinus tracts, mucosal ulceration, pleural 


sence of pleural effusions in patient who had previously had the most endo- 
scopic-esophageal-sclerotherapy procedures. 


effusions, and late luminal stenosis [1, 2, 5-10]. Saks et al. 
[4] reported changes in chest radiographs in 30 (79%) of 38 
patients after EES. Changes included additional mediastinal 
soft-tissue densities resulting in deviation of the azygoe- 
sophageal reflection, thickening of the posterior wall of the 
bronchus intermedius, indistinct periaortic stripe, and dis- 
placement of the superior esophagopleural recess (in addition 
to pleural effusions and atelectasis) [4]. Agha [1] reviewed 
the barium swallow examinations performed early (less than 
30 days) and late (more than 1 month) after EES. Early 
changes on barium examination included mucosal ulceration, 
luminal narrowing, intramural defects, sinus tracts, fistula, and 
dissections. Late changes consisted of strictures, persisting 
intramural contour defects, and dysmotility [1]. Mucosa! ab- 
normalities and distal esophageal narrowing can occur within 
6 hr after EES [2]. 

CT offers direct assessment of the mediastinum and is 
considered the examination of choice in the evaluation of 
many mediastinal processes. A CT examination would not be 
unusual in those post-EES patients suspected of having major 
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procedural complications, particularly mediastinitis with ab- 
scess. In order to properly interpret CT scans in patients 
suspected of having complications after EES, the CT appear- 
ances after an uncomplicated procedure must be appreciated. 

The major esophageal changes demonstrated on CT after 
EES include wall thickening with a low-attenuation region 
within the wall giving a laminated appearance to the esopha- 
gus (Figs. 1-3) [15]. This laminated appearance, consisting 
of an inner high-density region, a middle low-density ring, and 
an outer high-density ring was seen to some degree in all 
nine patients. Injection of sodium morrhuate produces active 
inflammation with occlusion of varices, thereby effectively 
controlling acute variceal hemorrhage [6, 13]. The inner and 
outer high-density areas most likely represent esophageal 
mucosa and the outer esophageal wall, respectively, which 
are not severely affected by the sclerosant. The thickened 
low-attenuation middle area can be explained by the combi- 
nation of this massive acute intramural inflammatory reaction, 
edema, hemorrhage, nonenhancing esophageal varices, and 
possibly the morrhuate itself [3, 6, 13, 15]. This appearance 
was not present in any of the eight patients who had had 
previous EES procedures and therefore is an acute reaction 
to the injection that resolves spontaneously. Changes within 
both the esophageal wall and the mediastinum extended 
beyond the areas of injection in all cases. 

CT demonstrated a newly appearing mediastinal effusion 
associated with obliteration of mediastinal fat planes in all 
nine patients (Figs. 3-5). Six patients with marked reactions 
had masslike effusions that posteriorly indented the left atrium 
(Figs. 3 and 4). This effusion was not present on the pre-EES 
scans in the eight patients who had undergone previous 
procedures and represents a reactive mediastinal effusion 
secondary to the marked active inflammation taking place 
within the esophageal wall. The lack of a serosal covering to 
the esophagus facilitates the adjacent paraesophageal reac- 
tion. The mediastinal effusion is an acute change that spon- 
taneously resolves over time. The higher attenuation regions 
seen in four patients may represent areas of hemorrhage, 
cellular infiltrate, or perhaps venous collaterals (Fig. 3). In six 
of the seven patients who developed new or increased pleural 
effusions, the effusion was larger on the right, perhaps be- 
cause the aorta lies to the left and the esophagus to the right 
for a large portion of its course. 

None of the patients developed mediastinal or pleural gas. 
The presence of gas, therefore, should be viewed as an 
indication of a major complication such as esophageal perfo- 
ration and/or mediastinitis and abscess. Also, a mediastinal 
effusion that had predominantly high-attenuation areas was 
not present, which again would suggest more extensive 
mediastinal changes including marked hemorrhage, medias- 
tinitis, phlegmon, or abscess formation. 

The severity of changes appear to be related to the number 
of previous EES procedures and/or the amount of sclerosant 
injected. The result of repeated EES is intramural fibrosis, 
which occludes the submucosal varices and shunts blood 
away to deeper layers within the esophagus or to other extra 
esophageal pathways [6, 13]. This marked fibrosis may limit 
the inflammatory reaction induced by subsequent procedures. 
Two patients showed distinctly milder changes within the 
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esophageal wall, paraesophageal mediastinum, and pleural 
space (Fig. 6). One of these patients had had 10 previous 
treatments with 10 ml sclerosant injected while the other had 
had nine previous treatments with only 8 ml of sclerosant 
injected. The average amount of sclerosant injected per pro- 
cedure in the group was 16.6 ml with a median amount of 19 
ml. The average number of previous EES treatments was 3.8. 
EES is now a well-established technique and is being widely 
performed for the control of acute and chronic esophageal 
variceal hemorrhage. The CT findings after uncomplicated 
EES include esophageal wall thickening with a laminar ap- 
pearance, a predominantly low-attenuation paraesophageal 
mediastinal effusion, and new or increased bilateral pleural 
effusions. An understanding of the CT changes after uncom- 
plicated EES will facilitate the proper interpretation of scans 
performed on patients with suspected complications. 
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Umbilicated Adenomas in Familial Polyposis Coli: 
Radiologic and Histologic Correlation (Case Report) 


Herbert J. Smith' and Edward L. Lee? 


Familial adenomatous polyposis coli (FAPC) is character- 
ized by hereditary transmission and strong predisposition to 
the development of colon carcinoma [1, 2]. Although generally 
evident in the second decade of life, FAPC is seen at or after 
age 50 years in about 10% of cases [2]. Therefore, a diag- 
nosis of FAPC should be considered at any age. Early rec- 
ognition of FAPC is critical, since virtually 100% of untreated 
patients will develop colon carcinoma by age 50 years; 40% 
of patients with the syndrome have colon carcinoma when 
the colonic polyposis is initially diagnosed [1]. The double- 
contrast barium enema contributes to earlier diagnosis of 
familial polyposis by its greater sensitivity to the fine detail of 
the mucosa. We report a case of FAPC initially seen in a 
middle-aged adult and emphasize the occurrence of umbili- 
cation of the adenomas. We further provide a detailed radio- 
logic and histologic examination of the resected colon speci- 
men. 


Case Report 


A 57-year-old morbidly obese man presented with congestive heart 
failure and cellulitis of the right foot. Physical examination disclosed 
stool that was positive for occult blood. Diagnostic evaluations in- 
cluded normal upper gastrointestinal and small-bowel barium studies. 
Double-contrast barium enema revealed diffuse mucosal nodularity 
with numerous umbilications (Fig. 1). Fiberoptic colonoscopy dem- 
onstrated innumerable, small (<5 mm) nodules throughout the entire 
colon and rectum without evident surface erosion or umbilication. 
Colonoscopic impression was lymphoid hyperplasia or lymphoma; 
however, multiple biopsy specimens disclosed only adenomatous 
tissue. With a diagnosis of FAPC, the patient underwent an elective 
subtotal colectomy and ileoproctostomy without incident. 


Surgical Material and Results 


The entire colon specimen was available for careful study. The 
gross specimen revealed innumerable mucosal nodules throughout 
the colon. Numerous histologic sections were made; all nodules 
showed histologic changes typical of benign adenomas. No surface 
ulcerations or erosions were detected. No focus of adenocarcinoma 
was found. After the removal of colon sections for microscopic 


examinations, radiographs of the remaining colon specimen were 
obtained after coating it with barium sulfate. These specimen radi- 
ographs reproduced the umbilications noted earlier in vivo (Fig. 2). 
Additional histologic sections through these raised, barium-coated 
nodules were made (Fig. 3). 


Discussion 


Familial adenomatous polyposis coli imparts a striking ap- 
pearance to the colon, both radiographically and pathologi- 
cally. The differential diagnosis of diffuse small nodules in the 
colon includes lymphoma; lymphoid hyperplasia; inflammatory 
bowel diseases, like Crohn’s disease and amebiasis; submu- 
cosal lipomas and neurofibromas; and pseudomembranous 
colitis, in addition to the syndromes of colonic polypasis [1, 
3]. Despite this long—yet incomplete—list of possibilities, the 
most frequently encountered and challenging task for the 
physician is the need to distinguish between lymphoid hyper- 
plasia on the one hand and the more ominous lymphoma or 
colonic polyposis, as exemplified by FAPC, on the other. 

Since the report in 1970 of umbilicated polypoid lesions of 
the colon in children with lymphoid hyperplasia [4], it has 
become increasingly evident that this feature is not unique to 
lymphoid hyperplasia. The aphthae of inflammatory bowel 
diseases may produce this appearance and occasional um- 
bilication in nodular colonic lymphoma has also been de- 
scribed [3, 5]. However, the occurrence of umbilication in 
FAPC has received less attention. Neitzschman et al. [6] 
described two cases of familial polyposis that simulated 
lymphoid hyperplasia. One case in a 10-year-old girl showed 
multiple, small nodules with a central fleck of barium in 
practically every area of the colon. All nodules represented 
adenomatous polyps; no lymphoid hyperplasia was found in 
the proctocolectomy specimen. It is unclear from their report 
whether their second case also exhibited umbilicated nodules. 
Such occurrences in patients of an age at which umbilications 
are expected to represent lymphoid hyperplasia make radi- 
ographic distinction difficult and tenuous. The presence of 
nodular umbilication should not be viewed as a specific or 
pathognomonic feature in children or adults. Findings of ad- 
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Fig. 1.—Closeup of descending colon, after double- 
contrast barium enema, shows multiple mucosal nodules. 
Some nodules appear to coalesce. Several flecks of 
barium in centers of nodules can be seen (arrows). 


vanced patient age or of diffuse colonic nodules that are an 
unusual size (>4 mm), that are great in number, or that vary 
in size are suggestive, not diagnostic, when distinguishing 
radiographically among lymphoid hyperplasia, FAPC, and lym- 
phoma [2, 7]. Our experience further indicates that attempts 
to differentiate among these by visual inspection at colonos- 
copy are also unreliable; biopsy of the nodules provides the 
only sound means of diagnosis. 

Umbilication in disparate entities in the colon suggests 
disparate etiologies. Colonic aphthae as seen in inflammatory 
bowel diseases represent foci of ulceration [3]. However, the 
umbilicated nodules of multinodular colonic lymphoma may 
represent both smooth-surface depressions resulting from 
flattening or atrophy of villi at the apex of some lymph follicles 
and instances of true superficial mucosal erosion over lym- 
phomatous nodules [5]. In contrast, umbilication in lymphoid 
hyperplasia results from the presence of widened, elongated 
crypts of Lieberkuhn lying over the lymphoid follicles. This 
crypt-widening permits barium entrapment in the follicle and 
Causes its characteristic radiographic appearance [8]. The 
present case provides a similar explanation for umbilication in 
FAPC. Although there is no abnormal accumulation of lymph- 
oid follicles, the “mass” produced by the adenomatous prolif- 
eration results in a submucosal elevation, some of whose 
crypts show widening, elongation, and barium trapping (Fig. 





Fig. 2.—Radiograph of representative section of re- 
sected colon after it has been coated with barium reveals 
countless, small (1-5 mm), mucosal nodules. Many umbili- 
cations within nodules are evident (arrowheads). Radi- 
ograph was obtained in vitro at focus-film distance of 1 m, 
film-object distance of 30.5 cm, 50 kVp, 1.5 mAs, usng 
Kodak OL 1 film. 
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Fig. 3.—Photomicrograph of bar- 
ium-coated colon specimen shows two 
“masses” resulting from adenomatous 
proliferation. Widened crypts of Lieber- 
kuhn are partially lined by adenomatous 
epithelium (arrows). This partial re- 
placement of crypts by adenomatous 
epithelium is a common feature of the 
adenomas of familial adenomatous po- 
lyposis coli. Refractile material within 
dilated lumina of glands is barium, 
which accounts for radiographic umbil- 
ication. Note absence of surface ulcer- 
ation or erosion. 


3). This phenomenon may operate in any diffuse colonic 
mucosal nodular process, regardless of etiology, if the mu- 
cosal excrescences are sufficiently large. 
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Perspective: The Small 
Bowel Examination in the 
Diagnosis of Crohn’s 
Disease 





Enteroclysis has been increasingly recommended for radiologic examination of the 
small intestine, especially for focal lesions, but also for more extensive processes such 
as regional enteritis. Seventy-four patients were studied who had a final clinical diag- 
nosis of regional enteritis and who had been examined by more co ventional peroral 
ingestion of barium suspension together with fluoroscopy and vigorous manual compres- 
sion. In only two cases did the radiographic examination fail to identi`y proven regional 
enteritis; one who had an isolated ulcer at an ileorectal anastomosis and one in whom 
jejunal regional enteritis was mistakenly diagnosed as a mesenteric mass. Careful 
fluoroscopy of the small intestine combined with vigorous manual compression is a 
sensitive method of detecting regional enteritis. 


In recent years, several articles in the literature have described and extolled 
enteroclysis as a highly sensitive and specific method for exanining the small 
intestine [1-6]. It is often suggested that the so-called “conventional” (or “routine’) 
radiologic examination of the small intestine is prone to error, especially false- 
negative error. 

In one report [7], the conventional examination of the small bowel was able to 
detect only 38% of cases with a final diagnosis of regional erteritis. However, 
enteroclysis, a small-bowel enema via a nasogastric tube, detected 21 of 22 cases 
with a final diagnosis of Crohn’s disease. This report prompted a limited study to 
examine the sensitivity of our radiologic examination of reginal enteritis. Because 
almost no enteroclysis is performed for this purpose at our institution, a comparison 
study was impossible. We are presently exploring its usefulness in the detection 
of focal, partially obstructing lesions. 


Materials and Methods 


We examined the records of all patients at the Mayo Clinic during th2 first 6 months of 
1981 who had received for the first time here a final diagnosis of regional 2nteritis or Crohn's 
disease and who also had had a radiographic examination of the small bowel at our institution 
during the same period. We studied 74 patients, 39 males and 35 femdes, ranging in age 
from 12 to 73 years (mean, approximately 28 years). Special attention was paid to the results 
of all radiographic, endoscopic, surgical, and pathologic reports from Jar uary 1981 to June 
1983 and to the summary of the case in the referral letter. Agreement or disagreement 
between the final diagnosis and the radiographic report was analyzed. During this period of 
time, regional enteritis was diagnosed radiologically in 70 of 1374 examinations of the small 
bowel. 


Results 


Normal Results on Examination of the Small Bowel 
Of 74 radiographic examinations of the small bowel, 10 showed no evidence of 
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regional enteritis. Of the 10 patients who showed no evidence 
of regional enteritis, seven had had resection of regional 
enteritis elsewhere. Of these seven patients, five had no 
Clinical evidence of recurrent or active disease; thus, the 
Clinical impression and the radiologic examination agreed. 
One of the seven patients was suspected of having recurrent 
disease clinically, despite the normal results of the radi- 
ographic study; in one patient, who had had subtotal colec- 
tomy with ileorectostomy, colonoscopy revealed an isolated 
ulcer at the anastomosis with normal ileal mucosa above and 
rectal mucosa below. The anastomotic ulcer was not found 
on radiologic examination. 

Of the 10 patients whose radiographic examinations were 
negative for regional enteritis, three had had no previous 
operations. One underwent surgery at our institution because 
the radiologist reported displacement of the jejunum by a 
possible mesenteric mass. Surgical exploration revealed a 
segment of regional enteritis, which was resected. Although 
the examination of the small bowel did reveal an abnormality, 
it failed to identify regional enteritis. Films from the second 
case, thought at first to be normal, were reviewed and com- 
pared with earlier films that had been obtained elsewhere and 
showed florid regional enteritis. The report was amended to 
ingicate scattered minimal abnormalities throughout the small 
intestine that were consistent with Crohn’s disease. A similar 
comparison in a third patient, whose previous films showed 
prior active disease, was thought to show no abnormality, 
despite the previous findings. The diagnosis In the first of 
these three patients, whose films were interpreted as showing 
a probable mesenteric mass and no intrinsic smali bowel 
disease, was a definite negative error. The diagnoses in the 
two other patients, which involved comparison with previous 
studies, probably represent legitimate variations in judgment 
as more complete information became available. 


Abnormal Results on Examination of the Small Bowel 


Of the 64 patients whose examinations of the small bowel 
were interpreted as showing regional enteritis, 29 were 
treated surgically, and regional enteritis was confirmed in all. 
Thus, of 30 patients who were surgically managed, in only 
one patient was regional enteritis not specifically diagnosed 
by means of preoperative radiologic examination, and in that 
case, a mesenteric mass was suspected. 

In all 35 patients who were diagnosed radiologically as 
having regional enteritis and who were not treated surgically, 
the final clinical diagnosis confirmed the radiologist's interpre- 
tation. These patients were often given no specific treatment. 
Others were offered a variety of medical management regj- 
mens or were advised to have surgery and chose to return 
to their home communities for the procedure. 

Although a systematic search was not performed to confirm 
all the cases of radiologically diagnosed Crohn’s disease 
during this period, in one patient a false-positive diagnosis 
occurred. This patient had severe Crohn’s disease that in- 
volved the entire colon and rectum. Examination of the small 
bowel was sald to show regional enteritis that involved the 
terminal ileum. At. the time of total proctocolectomy with 
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Brooke ileostomy, evidence of involvement of the small bowel 
was not found. Review of the films revealed no evidence of 
abnormality. 


Discussion 


The radiologic examination of the small intestine is always 
vigorously pursued in our department. It involves repeated, 
frequent fluoroscopic evaluation with vigorous manual palpa- 
tion and appropriate patient positioning. The patient is usually 
given additional barium after each fluoroscopic examination 
so that a total of 24-48 oz is taken. This is followed by an 
overhead film(s). Spot films are used only to demonstrate 
abnormal findings. One is rarely surprised by the findings on 
the films. However, focal abnormalities that are clearly and 
convincingly demonstrated at fluoroscopy are frequently not 
revealed on the overhead films. 

Fluoroscopic examination of the small bowel, as done here, 
seems to be a sensitive method for the detection of regional 
enteritis. The reason for the published dismal results from the 
so-called small-bowel follow-through seems certain to be due 
to a lack of fluoroscopy and of palpation. Herlinger is an 
advocate of the carefully performed smal-bowel enema, and 
yet he recently stated [8], “Though the type and combination 
of barium suspension are often suboptimal for the small 
bowel, the lack of an intermittent fluoroscopic study to explore 
the small bowel in its entirety is what so significantly devalues 
this examination. This lack of fluoroscopic study not only 
causes lesions to be missed or makes a convincing exclusion 
of abnormality almost impossible but also will permit false- 
positive diagnoses to be far from infrequent.” 

If intermittent fluoroscopy and palpation could significantly 
upgrade the value of the smal-bowel examination, why is it 
not done? The reason is probably related to the usual method 
of education in gastrointestinal radiology that is widespread 
today. Residents in radiology spend much of their time pro- 
ducing films to show to their mentors, who, when residents, 
had done the same thing. Rarely are residents asked to draw 
final conclusions from fluoroscopy, nor do they see their 
teachers and role models do so. Final decisions are almost 
always made from films. Thus, most teachers of gastrointes- 
tinal radiology are incapable of effectively and confidently 
performing diagnostic fluoroscopy. Some such teachers of 
high repute have sald that the only usefulness of fluoroscopy 
was the proper positioning of the patient for films and that a 
gloved hand should never be placed on the abdomen of a 
patient during fluoroscopy because of radiation hazard. Ra- 
diologists in our department have used lead-gloved hands for 
compression over many decades without the appearance of 
radiation changes. If this is perceived as a hazard, hand-held 
compression devices of various sizes and shapes can be fairly 
effectively used. Compression cones attached to the fluoro- 
scopic screen can only compress parallel to the central X-ray 
beam and this severely limits their usefulness. 

Detailed fluoroscopy and vigorous palpation should prob- 
ably be revived. The total amount of diagnostic information 
that is available to the discerning radiologist after such an 
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examination vastly exceeds the information that is available 
after any conceivable film examination. Indeed, the ability to 
control distension of the small intestine with an enema tube 
in the upper portion while observing the bowel fluoroscopically 
is a rather significant advantage of enteroclysis. Yet, one 
loses the assessment of the existing state of distension and 
distensibility under more physiologic conditions, the opportu- 
nity to assess the mucosal pattern in the contracted or 
partially empty state, and the sense of rigidity of the physio- 
logically filed segment on palpation. This is not to denigrate 
the peroral diagnostic enema of the small bowel. It is undoubt- 
edly an excellent test when performed by an experienced 
examiner, and may be especially useful when searching for 
partial obstruction or a bleeding site due to adhesions, ulcer, 
Stricture, er neoplasm. However, the small bowel can be 
examined by means of careful fluoroscopy with orally ingested 
barium, vigorous manual palpation, and appropriate films with 
great accuracy, little discomfort to the patient, low radiation 
exposure, low cost, and a high rate of efficiency [9]. 

Skillfully and confidently performed fluoroscopy cannot be 
learned overnight. Once the principles are learned, however, 
diligent experience will allow the development of skill and 
confidence that can provide increased sensitivity, specificity, 
and efficiency to the practice of gastrointestinal radiology, not 
only in the small intestine but also in the esophagus, stomach, 
duodenum, and colon. 
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Radiology of the Hand. A Diagnostic Synopsis of Many General Diseases. By Cornelius J. P. Thijn. Berlin: 


Springer-Verlag, 302 pp., 1986. $90 


This well-organized synopsis of radiographic information uses, as 
indicated in the forward by Dr. Louis Gilula, “... hand roentgeno- 
grams as a window to the understanding of systemic disease.” It is 
concise, well-illustrated, and in the first half reviews congenital mal- 
formations, growth defects, and dysostotic abnormalities. Each entity 
is initially described with brief but pertinent facts, followed by a short 
description of radiographic findings in the hand and in other sites, 
then by differential diagnoses and a list of key references, thus making 
the book accessible both for a review of the field and for aid in 
locating in-depth information regarding a specific diagnosis. The cited 
references throughout the book are generally excellent, including 
previous key articles and current reviews. Occasional references, 
however, are to the French, German and, rarely, to the Dutch lan- 
guage literature, which are less likely to be useful to most American 
radiologists. 

The sections on dysostoses include such reviews as the disorders 
that manifest radial aplasia, abnormal carpal angle, and different types 
of carpal fusion. Throughout, there are cross references from the lists 
of differential diagnoses to the section of the book where each one 
is described. 

The second half of the book spans those metabolic disorders, 
arthritides, infections, bone and soft tissue tumors, and miscellaneous 
conditions that occur in the hand with characteristic radiographic 
abnormalities. Alterations due to trauma are not included. Several 
excellent lists and tables of types of periosteal new bone formation. 
renal osteodystropy, and vitamin D metabolism are provided. Radi- 


ographic illustrations are uniformly of high quality, the abnormalities 
are well demonstrated, and although both text and illustrations are 
brief and concise, often more than one illustration of key findings 
provide a clear, radiographic spectrum of the changes. Several good 
radiographic “collages” of differential diagnostic considerations have 
been put together, including those related to alterations of the prox- 
imal and distal interphalangeal joints, and types of chondromas 
occurring in the hand. Sequential radiographs demonstrating the 
evolution of various disorders, such as rheumatoid arthritis, pyogenic 
arthritis, and sarcoidosis are instructive. 

The up-to-date reference lists follow immediately the discussion of 
each disease or alteration, which aids in dividing the text into multiple 
small sections, appropriate for a “diagnostic synopsis of many general 
diseases”. The author frequently refers to two comprehensive text- 
books, The Hand in Radiologic Diagnosis by A. Poznanski (the main 
competitor on the topic, very extensive, all encompassing, three 
times the number of pages of the book reviewed here, and priced at 
$150.00), and Diagnosis of Bone and Joint Disorders. by D. Resnick 
and G. Niwayama. The author thus underscores that his book is 
indeed intended as a concise synopsis of easily accessible informa- 
tion, pertinent in a clinical situation. As such, this book is recom- 
mended to students, radiologists, and clinicians alike. 


Anne Bjorkengren 
Osteoradiology Section 
University of California Medical Center, San Diego, CA 92161 
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Avascular Necrosis of the 
Hip: Comparison of MR, CT, and 
Scintigraphy 





The capabilities of MRI, radionuclide bone scanning, and X-ray CT in diagnosing 
avascular necrosis of the hip were compared in a controlled statistical study. Diagnostic 
ability was measured as the area under the receiver-operating-characteristic curve. 
Differences in efficacy among various case pools and the standard errors of those 
differences were calculated. MR was better than both other techniques ever the entire 
case pool, with the difference between MR and radionuclide scanning exceeding 2 
standard errors (p <0.01). In the subsample of patients including more early cases, MR 
was better than CT by greater than 2 standard errors and better tham radionuclide 
scanning by over 3 standard errors. This is evidence that MR is the most sensitive 
imaging technique for the early diagnosis of avascular necrosis. 


Several studies have indicated that MRI is useful for diagnosis of avascular 
necrosis (AVN) of the hip [1-5]. However, radionuclide bone scanning (RN) and CT 
can also detect AVN effectively. At this time, these techniques and plain-film 
radiography are the primary means of diagnosing this disease. 

Surgical intervention can sometimes halt or possibly reverse the course of the 
disease [6], as long as the disease is detected in an early stage. lf the femoral 
head has already collapsed, replacement with a femoral endoprosthesis is neces- 
sary. When early AVN is suspected, the expense of an MRI examination is easily 
justified if MRI is significantly more likely than other techniques to detect early AVN. 

Plain-film radiography is the standard means of assessing the extent of hip 
degeneration in AVN. Tomograms are also useful in detecting AVN, but meither 
radiographs nor tomograms are as sensitive as MRI in diagnosing AVN [4]. 

This study tests the hypothesis that MRI is more effective than CT and RN in 
diagnosis of AVN. Studies by Easton et al. [1] and Thickman et al. [2}sshowed MRI 
to be more effective than the other techniques. However, neither was a controlled 
study. Our previous study [3] attempted to demonstrate a statistically significant 
difference between techniques, but because of the small sample size, no significant 
difference was seen. 

This study improves upon the previous study in three ways: the number of cases 
is much larger, more patients were studied by all techniques, and beth early and 
advanced cases of AVN are included. All these improve the statistical power of this 
test. 


Methods 
Statistical Methods 


Each technique’s diagnostic capability was measured by calculating a receiver- 
operating-characteristic (ROC) curve. ROC analysis is a quantitative measure of 
diagnostic performance, free from observer bias [7-9]. ROC analysis yields an 
index, A(z), that corresponds to the probability that the technique can correctly 
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distinguish a diseased patient from a normal patient. An A(z) 
of 0.5 indicates no diagnostic efficacy (pure guessing), while 
a score of 1.0 indicates a perfect diagnostic capability. 

A major advantage of ROC analysis is that it tests both the 
image quality and the skill of the reader in interpreting the 
Image. Both qualities together determine diagnostic efficacy. 
ROC analysis measures that efficacy directly and Is amenable 
to rigorous statistical analysis. Resolution, contrast, and other 
such measures of image quailty are, by themselves, not 
suitable for comparing different techniques, 

To prove that one technique is better than another, one 
must show that the ROC score obtained by that technique is 
higher than that of another technique by an amount exceeding 
the standard error of the difference of the scores. Standard 
error has three components [8], each of which was measured 
in this experiment. Case-sampling variance—that is, the error 
introduced by sampling only part of the total population at 
risk for AVN—Is the largest component of the standard error. 
interobserver and intraobserver variation make smaller con- 
tributions to the total standard error. 


Materials and Methods 


Images for the study were drawn retrospectively from the 
files of the Hospital of the University of Pennsylvania. Clinical 
records and biopsy reports were used to establish the correct 
diagnosis for each patient. Hip images of patients with no hip 
disease were added as controls, so numbers of normal and 
abnormal hips for each technique were about equal. A total 
of 188 hips were examined by MR, 141 by RN, and 106 by 
CT. 

As the study progressed, differences in the efficacy of each 
technique in early and advanced cases became apparent. 
Since it is impossible to determine the exact time of onset of 
the disease, we attempted to evaluate this difference by 
dividing the total case pool into two subsets. Cases evaluated 
in our first study [3] (old cases) were mostly advanced-stage 
cases, while cases added since then have included more 
early-stage disease and patients who were not yet diagnosed 
as having the disease. The new cases made up one-half to 
two-thirds of the patients evaluated by each technique. 

MR studies done before October 1984 (two-thirds of the 
sample poof) were done on a General Electric experimental 
NMR imaging system with a 0.12-T resistive magnet. After 
November 1984, a 1.5-T Signa MR system (General Electric 
Medical Systems Division, Milwaukee, WI) was used. Most 
MR studies included both partlalsaturation (T1-weighted) and 
spin-echo (T2-weighted) pulse sequences. Most of the Signa 
Studies included coronal as well as axial views. Studies from 
the 0.12-T unit included only axial views. The 1.5-T unit 
improves upon the 0.12-T unit In many ways. Improvements 
included: the reduction of slice thickness from 10 mm to 5 
mm, and the reconstruction of images on a 256 x 128 matrix 
rather than 128 x 128 matrix. 

CT scans were made on various equipment at the Hospital 
of the University of Pennsylvania, mostly CT/T 8800 and 
CT/T 9800 CT scanners (General Electric Medical Systems 
Division, Milwaukee, WI). A few scans were made on a Philips 
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Tomoscan (Phillps Corporation, Shelton, CT) and one on an 
EMI CT scanner (EMI Medical Ltd., Hayes, Middlesex, Eng- 
land). No contrast material was used in any CT scan. RN 
scans were made using technetium-99 methylene diphos- 
phonate as the radiopharmaceutical. Scans included both 
whole-pelvis and pinhole views. 

Sample scans of each technique are shown in Figure 1. 
Each of the images in Figure 1 is of a 21-year-old woman 
with biopsy-proven AVN of the left hip that is clearly shown 
by each technique. Each reader of each technique graded the 
left hip as “most abnormal” and the right hip as “most normal.” 
On the MR images, the abnormality shows up as a focal area 
of.decreased signal on both the axial and coronal views. On 
a CT scan, the diseased hip exhibits the familar crescent- 
shaped abnormality. A “hot-spot” of increased radionuclide 
uptake in the diseased hip is seen by RN. 

Images were put In a standard format, and all identifying 
Information was removed from them. Only relevant slices or 
views were Included. Cases were presented in random order 
to radiologists experienced in evaluating suspected AVN by 
the technique being studied. Three radiologists read each set 
of films in individual trials. Readers graded each hip on a six- 
point scale, from most-confident normal (8—) to most-confi- 
dent abnormal (8+). Any comments made by the readers 
were also recorded. 

ROC curves and their A(z) values were generated by the 
Dorfman-Alf maximum likelihood estimation method [10]. This 
program also yielded case-sampling plus intraobserver error 
values for each technique. inter- plus intraobserver variance 
was Calculated as the variance between the ROC scores of 
each reader for a technique. intraobserver variances were 
calculated from the ROC scores derived from cases included 
in our previous study. As expected, interobserver variances 
were smaller than case-sampling variances; and intraobserver 
variance was so small as to be almost negligible. 

The standard error of measurement was calculated by the 
method of Swets and Pickett [8]. Total variance was equal to 
the case-sampling and intraobserver varlance from the Dorf- 
man-Alf program plus the inter- and intraobserver variance of 
the A(z) values minus the intraobserver variance. The stand- 
ard error is the square root of the total variance. 

Differences in ROC scores were divided by the standard 
error to give a critical ratio, Z, from which the probability, p, 
of rejection of the null hypothesis (that one group was dilag- 
nosed more effectively than the other) was calculated. A Z 
ratio of 2.00, where the difference is twice the standard error, 
indicates ‘high confidence (p <0.023) in the null hypothesis. 
A Z ratio of 1.00 {p <0.16) Indicates a difference that is 
possibly significant. 


Results 


Table 1 shows the RCC scores for each reader for each 
technique. The standard deviation assoclated with individual 
readers is the case-sampling deviation. The standard devie- 
tion associated with the mean for each technique Is the 
interobserver deviation. Scores for the old and new case 
pools are also given in Table 1. Table 2 subdivides the MR 
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Fig. 1.—Images of 21-year-old woman 
with avascular necrosis (AVN) of left hip. 
Axial (A) and coronal (B) MRI scams show 
large focal areas of low signa’ in diseased 
hip (white arrow). A normal hip will have 
some slight unevenness. TR = 600 msec, 
TE = 25 msec. C, CT slice througn fem- 
oral head shows ciassic “crescent sign” 
indicative of AVN. White arrow shows 
diseased hip. D, Anterior view of pelvis 
from a Tc 99-MDP bone scan. Uptake of 
radionuclide is higher in diseased hip (ar- 
rowhead). E, Pinhole camera images of 
the hips from same bone scan. Anterior 
images. Other areas of increasec uptake 
seen are bladder (curved arrows) and il- 
liac bones (open arrows). Black arrow- 
head indicates diseased hip. 
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TABLE 1: ROC Scores of Readers for Each Technique 








Reader Total Giscasie: New Gate 
MR 1 0.967 + 0.012 0.967 0.968 
MR 2 0.954 + 0.015 0.917 0.964 
MR 3 0.955 + 0.016 0.946 0.960 
Mean 0.959 + 0.0059 0.943 0.964 
RN 1 0.948 + 0.021 0.973 0.918 
RN 2 0.858 + 0.032 0.924 0.790 
RAN 0.937 + 0.019 0.966 0.906 
Mean 0.914 + 0.040 . 0.954 0.871 
CT 1 0.952 + 0.030 0.979 0.909 
CT 2 0.928 + 0.025 0.951 0.904 
CT 3 0.954 + 0.020 0.978 0.906 
Mean 0.945 + 0.012 0.969 0.906 
Note.--ROC = recelver operating characteristic. An Alz) value of 0.5 indicates no 
diagnostic efficacy (pure guessing), while an A(z) value of 1.0 indicates perfect diagnostic 
capability. 


data by MR system used. 

The differences between sets are listed in Table 3. Differ- 
ences are in units of A(z), as are standard error values. Z is 
the critical ratio, of difference to standard error, and the last 
column gives the significance of each difference, using a one- 
sided test. 


Discussion 


A Z ratio of 1.65 or higher is necessary to prove one 
technique better than another at the 95% confidence level, 
using a one-sided test. A ratio of 2.33 is needed for the 99% 
level. MR proved better than RN at the 99% confidence level. 
MR was also better than CT, but the difference was not large 
enough to be significant (Z = 0.91). Likewise, CT was better 
than RN by a Z ratio of 1.03. 

When the cases were broken down into old cases (used In 
our previous study [3]) and new cases (added for this study), 
some interesting results were found. Both CT and RN were 
much worse for the new cases than for the old, while MR 
was better. For CT and RN, the difference is probably caused 
by the fact that the cases studied recently in this department 
Include more early cases and fewer advanced cases than 
were inciuded in the previous study. Good intraobserver 
correlations were seen, making It unlikely that reader perform- 
ance was the source of the difference In ROC scores. 

MR actually scored higher on the new cases than on the 
old ones. This is probably because early images were of 
poorer quality than more recent ones. About half the new MR 
cases were imaged on the new 1.5-T MR system, which has 
a greater signal-to-noise ratio than the old 0.12-T unit and Is 
able to make distortion-free coronal images. A difference of 1 
standard error was seen between the two MR systems. 

A large difference exists between the ROC results of the 
low- and high-field systems, even though the low-field results 
include earlier and more obvious cases of AVN. Because of 
the high values of A(z), however, a large number of cases 
(over 500) would be needed to prove the significance of this 
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TABLE 2: ROC Scores of Readers of MR images* 


Reader 0.12 T 15T 
1 0.959 0.978 
2 0.940 0.966 
3 0.942 0.967 
Mean 0.947 0.970 
SLES A E E E E E A E E ES EEE 
* Subdivided according to magnetic foid strength of the MR scanner. ROC = receiver 
operating characteristic. 
result [9]. 


in a rigorous study, bias must be minimized or the results 
will be worthless. The greatest source of bias in diagnostic 
interpretation of images is a priori knowledge of the patient’s 
history and/or current cordition. In clinical practice, radiolo- 
gists normally have this information and bias their interpreta- 
tions toward the clinical facts. Giving the same history (none) 
for each case and removing identifying information from the 
images in this study minimized this bias. 

A subtle source of bias is the obvious presence of other 
disease, unrelated to AVN, in the control population. The 
presence of other disease Is a cue to the reader that the 
image was probably made for purposes other than evaluation 
of possible AVN. Controls that could possibly Introduce bias 
in this way were discarded. 

Another type of bias comes from a priori knowledge of 
disease prevalence [11]. f disease prevalence in a study 
population is known to be high, readers will call ambiguous 
cases positive. This source of bias Is minimized when disease 
prevalence is 50%. It is fortunate that the incidence of bilat- 
erality in AVN Is also about 50%. Each hip of a patient could 
be evaluated independentty; a positive hip on one side did not 
make it more likely that the contralateral hip was also dis- 
eased. By setting the frequency of AVN in our study popula- 
tion to about 50%, we minimized bias from these sources. 

This study uses ROC analysis for comparing results from 
competing imaging techniques in a medium-sized case pool. 
in the entire sample population, and in all subpopulations, MR 
proved better than RN at the 99% confidence level. 

In the entire sample population, MR was 1 standard devia- 
tion better than CT, as it was In most subsamples. This is not 
enough difference to be significant by rigorous statistical 
criteria. However, MR was 2 standard deviations better than 
CT in the subsample of new cases, significant at the 98% 
confidence level. This indicates that the difference between 
MR and CT is greatest for early cases of AVN, those that are 
most likely to respond to prophylactic surgical intervention. 

MR is the most sensitive imaging technique for the early 
detection of AVN. Although factors such as cost, radiation 
dose, and other hazards to the patient are important in 
selecting a diagnostic technique, diagnostic efficacy is most 
Important. The use of MRI for evaluation of patients with 
suspected AVN will yleld earlier detection of the disease, 
making surgical treatment more fikely to be successful. MR 
may also enable clinicians to determine whether a particular 
case is too advanced to ke treated by grafting. 
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TABLE 3: Comparison of ROC Scores of Different Techniques 






































f Difference SE F4 Significance 
MR and RN: all cases 0.045 0.019 eat p <0.0089 
MR and CT: all cases 0.014 0.015 0.91 p <0.19 
CT and RN: all cases o 0.031 0.030 1.03 p <0.15 
MR, and MR, 0.021 0.018 I ee: p <0.13 
RN, and RN, 0.083 0.031 2.71 p <0.0035 
CT, and CT, 0.063 0.030 2.10 p <0.018 
CT, and RN, 0.035 0.033 1.06 p <0.15 
MR, and RN, 0.093 0.027 3.44 p <0.0003 
MR, and CT, 0.058 0.027 217 p <0.015 
0.12 T MR and 1.5 T MR 0.023 0.018 1.28 p <0.10 
0.12 T, and 1.5 Ta 0.027 0.027 1.00 p <0.16 
1.5 T MR and CT 0.025 0.020 1.25 p <0.11 
15 TMRandRN 0.056 0.020 2.80 p <0.0035 
0.12 T, and CT, 0.037 0.027 1.37 p <0.085 
0.12 Ta and RN, 0.072 0.027 2.67 p <0.0038 


Note.—ROC = receiver operating characteristic. Subscripts o and n indicate old and new cases as defined in the text; SE = standard 
error of the difference between techniques; Z = ratio of the difference to the SE; p = probability of rejection of the null hypotheses that 
one group's efficacy is better than the other's. p <0.1 indicates a 90% chance (moderate confidence) that the higher-scoring technique is 


better; p <0.01 indicates a 99% chance (strong confidence). 
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CT of the Sternum 


Paul Stark’ and Diego Jaramillo? 


CT is recognized as the best tool for imaging the sternum, 
surpassing all other techniques previously used. We have 
used CT for evaluation of sternal and parasternal abnormali- 
ties and herein present our experience with this method. 


Sternal Anatomy 


The sternum is a flat cancellous bone with a compact 
cortex. It measures 15-20 cm in length and is slightly convex 
anteriorly. It consists of a manubrium, body, and xiphoid. 

The manubrium is octogonal in shape; it has a supertor 
jugular notch, two latera! notches for articulation with the 
proximal clavicular ends as well as for articulation with the 
first rib and part of the second rib. The manubrium articulates 
with the sternal body, forming the angle of Louis. The junction 
between the two is bridged by fibrocartilage. 

The body of the sternum is narrower but longer than the 
manubrium. The inferior part of the second rib and the third 
through seventh anterior ribs articulate with the lateral margin 
of the body. The sternal body joins the xiphoid process at the 
xiphosternal junction. The sternoclavicular articulation is a 
diarthrodial joint and contains a fibrocartilaginous disk. The 
first sternocostal articulation is a synchondrosis. The rest of 
the sternocostal articulations are diarthrodial joints. 


Embryology 


The sternum develops in cartilage from a pair of bandlike 
concentrations of mesenchymal cells on either side of the 
midline. These structures are converted into precartilage and 
fuse at the midline in cephalocaudad direction. After matura- 
tion into cartilage, the sternum undergoes several transverse 
divisions into a series of six cartilaginous segments called 
sternebrae. The ossification centers of the sternum form in 
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these sternal segments and appear in a cephalocaudad pro- 
gression, complete at ag2 12 years; fusion of sternal seg- 
ments proceeds cephalac and is complete at age 25 years, 
except for the manubriosternal joint. 


Technique 


Multiple sections are obtained from the sternal notch 
through the xiphoid process at 10-mm intervals with 10-mm 
collimation. Scans are viewed at 1000-H window width with 
200-H window level for bcny structures and at 600-H window 
width with 0-H window level for soft-tissue anatomy. 


Tables and Figures 


Table 1 contains a synopsis of sternum variants, and Table 
2 lists the different pathologic entities that involve the ster- 
num, its articulations, and the neighboring soft-tissue struc- 
tures. 

Figures 1-9 show normal sternum anatomy. Figures 10- 
13 illustrate variants of the sternum, while Figures 14-20 
show results of trauma to the sternum. latrogenic changes, 
neoplastic lesions, and inflammatory changes of the sternum 
are shown in Figures 21-26, 27-33, and 4-35, respectively. 


Conclusion 


CT offers definite advantages in the evaluation of presumed 
sternal disease. It provides superior Images compared with 
conventional radiography and tomography because of better 
contrast resolution, elimination of superimposition of struc- 
tures, cross-sectional image display, and imaging of surround- 
ing soft tissues. CT Is tre investigative procedure of choice 
in patients with suspected abnormalities of the sternum, its 
surrounding soft-tissue structures, and tts articulations. 


* Department of Radiology, The University of Texas Medical School at Houston, 6431 Fannin, Houston, TX 7703). 
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Fig. 3.—Manubrium. Sternoclavicular jomt (arrow). 

; Proximal clavicular ends are located postericr to manu- 
Fig. 2.—Normal sternal development. Temporal trim Sternohyoid and sternothyroid strap muscles in- 
sequence of appearance of sternal ossification cen- sert on posterior aspect of the manubrium ard the Clavi- 


Fig. 1.—Normal sternal anatomy. 


ie (left se wie me se i ae BOS) Dn Jatt, cle. Partial imaging of these structures can droduce an 
age in months refers to fetal age [1]. apparent soft-tissue mass anterior to brach ocephalic 
vessels [2]. 





Fig. 4.—Sternoclavicular joint with gas. Normal Fig. 5.—First sternocostal articulation is lo- Fig. 6. —Manubrium has unsharp posterier cortex 
vacuum effect in right sternoclavicular joint (arrow). cated anterior and inferior to sternoclavicular in cross section due to a slope of 20-40° with vertical 
Normal finding. especially in people over 40 years old joint. Rudimentary, narrow joint space typical axis (arrow). Angling of gantry can avoid this pitfall 
[3]. of synchondrosis (arrows) [3]. [4]. 





»' 


‘we 





A B 


Fig. 7.—Body of sternum has rectangular shape Fig. 8.—A and B, Xiphoid process has triangular or rhomboid shape in cross section. Tip may be 
in cross section with dense rim of cortical bone [4]. bifid. Bulbous appearance of anterior rib ends [4]. 





Fig. 9.—Composite picture of sequential transverse 
images encompassing entire sternum. 


Fig. 10.—Tilted sternum. Asymmetric orien- 
tation of sternum with unilateral irregularity of 
chest wall. This finding can be confused clini- 
cally with chest-wall tumor. 


Fig. 11.—Pectus excavatum. Marked dorsal dis- 
placement of sternal body. 





Fig. 12.—Episternal ossicles. Two extra ossicles are 
seen in retromanubrial position, medial to proximal end 
of clavicles (arrows). This finding can be confused with 
vascular calcifications or calcified lymph nodes [5]. 





Fig. 15.—Anterior dislocation of right clavicle with 
fracture of manubrium (arrow). Anterior sternoclavicular 
dislocations are more common than posterior disloca- 
tions because of stronger posterior sternoclavicular 
ligament and different vector of forces acting on joint. 
CT is rarely necessary because of obvious clinical 
findings. 


Fig. 13.—A and B, Sternal foramen is result 
of incomplete fusion of lower sternebrae, form- 
ing sternum [6]. Gap seen in cross section can 
be narrow (A) or wide (B). (Reprinted from Stark 
[6], with permission of Raven Press.) 


Fig. 14.—Retrosternal hematoma with sternocos- 
tal disruption (arrow). Costal cartilage injuries and 
retrosternal hematomas are frequently visible only on 
CT scan. 





Fig. 16.—Anterior dislocation of right clavicle 
without accompanying sternal fracture. 


Fig. 17.—Posterior sternoclavicular dislocation is 
more difficult to diagnose clinically and can have 
significant consequences owing to impingement on 
brachiocephalic vessels, trachea, or neural structures 
[3, 7]. In this case, absence of a significant hematoma 
rules Out major vascular injury. 





Fig. 18.—Posterior sternoclavicular disloca- 
tion. Most patients affected are usually younger 
than 25 years old. 


Fig. 19.—Fracture through first sternocostal 
synchondrosis (arrow). Sternocostal dysjunction. 
Bony structures behind sternum represent clavic- 
ular heads. 





Fig. 20.—Comminuted fracture of left side of ma- 
nubrium (arrow) is visible in this patient after a motor 
vehicle accident. 





Fig. 21.—Acute sternal dehiscence. Gaping 
soft tissues and widened sternal incision (arrow). 
Although small gaps are not unusual [8], in this 
patient the changes were progressive and thus 
significan 





Fig. 24——Sternal excision for chronic osteo- 
myelitis. Complete absence of sternum. Lack of 
soft-tissue swellimg denotes absence of active 
inflammation. 


Fig. 22.—Chronic sternal dehiscence. Gap be- 
tween sternal fragments and broken wire (arrow). 
This finding is not unusual and doesn't always 
denote an unstable sternum [8]. 





Fig. 25.—Atypical callus formation after me- 
dian sternotomy. Bony spur extends posterior to 
manubrium (arrow). 


Fig. 23.—Cellulitis and retrosternal mediastinitis. 
Soft-tissue swelling and gas in pre- and retrosternal 
location. Clinically, sternal osteomyelitis was sus- 
pected. Arrow points to dehiscence. 





Fig. 26.—Radiation necrosis. Irregular sclerosis with 
clumpy disintegration of sternum is visibie. Paramedias- 
tinal lung fibrosis (arrows). 
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Fig. 27.—Exostosis. Broad-based bony protu- Fig. 28.—Hodgkin's disease, mixed cellularity. Ly- Fig. 29.—Hodgkin's disease nodular sclerosis. 
berance extends from posterior aspect of manu- tic destructive expanding lesion of manubrium, with Anterior mediastinal mass with invasion of sternum 
brium. associated retrosternal soft-tissue mass [9]. and t-ansthoracic extension into subcutaneous soft 

tissues [9]. 





Fig. 30.—Non-Hodgkin's lymphoma. A large an- Fig. 31.—Plasmacytoma. A solitary mass arises F g. 32.—Metastatic renal cell carcinoma. Lytic 
terior mediastinal mass infiltrating sternum with from sternum with near complete destruction of bony expansile lesion of sternal body. 
transsternal extension. structures. 





Fig. 33.—Ewing’s sarcoma. Destruction of ster- Figs. 34 and 35.—Osteomyelitis of right half of 
num with associated soft-tissue mass (arrow). sternum, originating from septic arthritis of right ster- 
noclavicular joint, due to Staphylococcus albus (cul- 

ture proven). 

Fig. 34.—Marked sclerosis of right half of manu- 
brium, with retrosternal swelling. Arrow points to scle- 
rotic bone. 

Fig. 35.—Transverse section (A) and coronal re- 
construction (B) of right sternoclavicular joint reveal 
destruction of bone and marked periarticular soft- 
tissue swelling (arrow). 
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TABLE 1: Variants of the Sternum 


a 
Pectus excavatum 

Pectus carinatum 

Sternal tilt 

Sternal foramen 

Bifid sternum 

Sternal agenesis 

Episternal ossicles 


LT 
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TABLE 2: Abnormalities of the Sternum 


pO 


Benign Processes 








Eosinophilic granuloma 
Osteomyelitis 

Brown tumors 

Paget's disease 
Fibrous dysplasia 








Trauma 








Retrosternal hematomas 

Sternal fractures 

Sternoclavicular dislocations 
Sternocostal fracture-dislocations 








latrogenic Lesions 





Surgical 
Dehiscence 
Osteomyelitis 
Peristernal abscess 
Radiation 
Radionecrosis 








Primary Tumors 





Chondrosarcoma 
Plasmacytoma 
Lymphoma 
Osteogenic sarcoma 
Ewing's sarcoma 





Hematogenous Metastases 











Breast 
Bronchogenic 
Melanoma 
Prostate 
Thyroid 
Kidney 





invasion 








Lymphoma 
Bronchogenic carcinoma 


ee 
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Book 
Review 


The Radiologic Clinics of North America. Symposium on Advances in Cardiac Imaging. Guest editor: Stephen 
W. Miller. Philadelphia: Saunders, December 1985; 23:587-831. $60 


The guest editor of this symposium has brought together a group 
of 40 distinguished contributing authors with expertise in cardiovas- 
cular Imaging and diagnosis. The intent, as stated in the forward, is 
to review new technologies, diagnostic methods, and interventional 
techniques, Including reviews of the methods of assessing myocardial 
perfusion, percutaneous transluminal coronary artery angioplasty, 
cine CT, digital subtraction angiography, quantitative flow measure- 
ments with Doppler ultrasound, Doppler echocardiographic assess- 
ment of cardiac output, MRI of Ischemic heart disease and pulmonary 
blood flow, as well as a review of raciopharmaceuticals and positron 
emission tomography as applied to the diagnosis of cardiac disease. 
Chapters addressing the subjects of Takayasu’s Disease and con- 
genital diseases of the pulmonary arteries are also included. 

The book is generally well organized and, for the most part, fits 
the intention of the editor. The chapters “Radiology of Aortoarteritis” 
and “The investigation of Abnormal Pulmonary Arteries in Congenital 
Heart Disease,” however, do not seem to fit the theme of the book. 
Dr. Yu Qing Llu from Beljing, China, presents his experience regarding 
Takayasu's Disease. Although this chapter could have been better 


organized, the vast amount of material covered is indeed Informative. 
The chapter by the group from the University of Toronto at the 
Hospital for Sick Children on the investigation of abnormal puimonary 
arteries in congenital heart disease is weil written, comprehensive 
provides an extensive bibliography, and Is recommended reading for 
af radiologists interested In this disease. 

My sample book had a binding problem, contained several typo- 
graphic errors, and had printing ink spots frequently throughout the 
book. The quality of the reproductions was variable. 

This book is an update fo“ noncardiac radiologists of advances in 
the field of cardiovascular diagnosis; however, there is insufficient 
depth to make It appealing for cardiac radiologists. It Is not Intended 
as a reference for residents who intend to study for board examine- 
tions. 

Philip N. Cascade 
Sinai Hospital of Detroit and Wayne State University 
Detroit, MI 48235-2899 
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MRI of Tuberculous 
Spondylitis 





Four patients with paravertebral extension of advanced tuberculous intervertebral 
disk-space infection were studied by CT and MRI. In one patient gadolinium-DTPA (Gd- 
DTPA) was administered intravenously as a paramagnetic contrast agent. MRI showed 
the disk-space abnormalities and extension of the inflammatory process to best advan- 
tage in the coronal plane. This plane demonstrated in one image the spina localization 
and the paravertebral extension of the inflammation. Gd-DTPA assisted in delineating 
the communication of the vertebral and paravertebral components of inflammation. This 
phenomenon introduces an additional diagnostic element into the evaluation of spon- 
dylitis. Although the features of advanced tuberculous spondylitis are conspicuously 
well shown with MRI, further experience is needed to evaluate the potential of MRI in 
detecting early tuberculous spondylitis in relation to nontuberculous spondylitis. 


Tuberculous spondylitis is initiated in most cases by hematogenous spread of 
organisms, located first in the anterior aspect of the vertebral body near an 
intervertebral disk. The developing inflammatory process may erode the cortical 
bone, destroy the intervertebral disk, and involve the adjacent vertebral body. 
Subligamentous spread and paraspinal extension of tuberculosis is a frequent 
finding. Abscess formation is commonly bilateral, and small calcifications are 
characteristic of tuberculosis. Healing in tuberculous spondylitis can lead to partial 
or complete fusion of vertebral bodies. The lower thoracic and upper lumbar spine 
are predilection sites for tuberculosis [1-3]. 

The typical plain radiographic appearance of tuberculous spondylitis is irregularity 
of the vertebral end-plates, decreased height of the intervertebral disk, sclerosis of 
the surrounding bone, and in a later phase a tendency to anterior wedging or fusion 
[1, 2]. 

Soft-tissue extension and involvement of the spinal canal are well demonstrated 
by CT [4]. Furthermore, CT is well suited to show abscess formation as a mass 
with a low-density center and a definable wall, which becomes clearer in enhanced 
CT scans [5, 6]. 

To the best of our knowledge, the potential of MRI and the use of gadolinium 
enhancement have not previously been reported in tuberculous spondylitis [4]. We 
performed CT and MRI in four patients with tuberculous spondylitis amd paraver- 
tebral extension; one patient undergoing MRI was given gadolinium. 


Methods 


The CT scans were made with a Pfizer 450 or Philips 350 Tomoscan (Shelten, CT). MRI 
studies were performed with a 0.5-T superconductive Philips Gyroscan. Various spin-echo 
(SE) pulse sequences were used with repetition time (TR) = 250-1650 msec and echo-celay 
time (TE) = 30-150 msec. T2-weighted images were obtained by single-sliee multiecho 
technique and multislice dual-echo SE technique. SE technique with short repetition times 
was used to obtain T1-weighted images. After IV administration of 0.1 mmai/1 xg body 
weight gadolinium-DTPA (supplied by Schering AG, Berlin, FRG) SE sequences with TR of 
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Fig. 1.—Case 1. A, Axial CT scan after adminis:ration of IV contrast material shows two large 
collections in both psoas compartments. Periph2ral rim enhancement indicates presence of 
inflammatory capsule. B, T1-weighted coronal image (TE 30 msec, TR 250 msec) lacks contrast 
differentiation to delineate inflammatory process. Kidneys are displaced laterally and superiorly. 
C, T2-weighted coronal image (TE 100 msec, TR 1000 msec) shows spondylitis as area of 
increased signal intensity at level of disk; some extension in vertebral body is also demonstrated. 
In same plane, psoas abscesses on both sides of spine are identified. No definite appreciation 
of abscess membranes. Note lateral and superior displacement of kidneys. 












A B 





Fig. 2.—Case 2. A, Axial CT scan delineates bone destruction and fragmen- present. C, Sagittal MR plane (TE 30 msec, TR 250 msec) Clearly depicts 
tation as well as paravertebral extension. B, Coronal MR image (TE 50 msec, relation of spinal cord to level of spondylitis. Spinal cord is not compromised 
TR 1500 msec) shows disk-space infection and paravertebral extension on by inflammatory process, whic) is represented by area of low signal intensity. 


right side and to a lesser degree on left side. Right-sided pleural effusion is 
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Fig. 3—Case 3. A, Axial CT scan 
shows paravertebral mass with some 
small caleifications. B, Axial MR scan (TE 
50 msec. TR 1500 msec) failed to dem- 
onstrate calcifications shown in 3A. Par- 
avertebral extension is seen as high-sig- 
nal-intensity area. C, T1-weighted coronal 
MR image (TE 30 msec, TR 250 msec) 
shows paravertebral extension at level of 
spondylitis, as low-signal-intensity area. 
Vertebraborigin of inflammation is not vis- 
ible because of poor contrast resolution. 
D, Coromal MR scan (TE 30 msec, TR 
550 msec) after IV administration of ga- 
dolinium shows communication of verte- 
bral and paravertebral component of in- 
flammatien. Inflammatory process now 
has high signal intensity because of short- 
ened T1 relaxation time. 


250-550 msec and TE of 30 msec were used in one patient. An 
informed consent was obtained before IV administration of Gd-DTPA. 
Slice thickness was 1 cm for the body coil and 0.5 cm for the surface 
coil. Sagittal, transverse, and coronal images were made with two to 
four measurements and two-dimensional Fourier reconstruction was 
used. 


Case Reports 


Case 7 


An 18-year-old man presented with low-back pain, followed by 
paraparesis. This patient was operated on when a total extradural 
block was demonstrated on myelography, and an abscess compress- 
ing the spinal cord posteriorly was found. Culture of material obtained 


MRI OF TUBERCULOUS SPONDYLITIS 81 


C 


Fig. 4.—Case 4. A, Connection of disk-space infection with psoas abscess on right side is clearly visible in 
this coronal MR plane (TE 50 msec, TR 1200 msec). B, Axial MR scan (TE 50 msec, TR 1650 msec) shows 
psoas abscess on right side. Abscess located subcutaneously on left side has almost the same signa! intensity 
as surrounding fat. C, Same MR scan as 4B, with longer TE, features dorsal collection, which is now well 
demarcated from surrounding fat (TE 100 msec, TR 1650 msec). 


at operation was positive for tuberculosis. The postoperative CT 
examination showed large collections in the psoas muscles on both 
sides, consistent with abscesses. These collections had high signal 
intensity on T2-weighted MR images (Fig. 1). 


Case 2 


A 30-year-old woman presented with fever of unknown origin. 
Cultures of bone marrow and sputum were positive for tuberculosis. 
Spondylitis was diagnosed in the lumbar region on plain radiographs. 
CT and MRI were performed to study the extension of the inflam- 
matory process. Bone destruction and fragmentation of the vertebral 
body were obvious at CT examination. The sagittal MR image snowed 
the relation of the spinal cord and the inflammatory process at the 
level of spondylitis (Fig. 2). 
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Case 3 


A 50-year-old man presented with fever and back pain in the 
thoracic spine. Several years before, the patient had been treated for 
tuberculous spondylitis at the 8—9 level in the thoracic spine. Radi- 
ographs of the dorsal spine showed old tuberculous spondylitis with 
synostosis of two vertebral bodies and an adjacent fusiform soft- 
tissue mass. Clinical findings suggested reactivation of the spondylitis 
with paravertebral extension. Bone scintigraphy was also consistent 
with this diagnosis. Because a paravertebral tumor could not be 
excluded by conventional radiography, CT and MRI examinations 
were performed. MRI scans were obtained before and after IV 
administration of gadolinitum-DTPA. CT examination showed small 
punctate calcifications In the paravertebral mass. These could not be 
identified on MRI. Compared with CT, MRI demonstrated better the 
communication between the vertebral and paravertebral components 
of the inflammatory process after gadolinium administration (Fig. 3). 
The paravertebral process had a homogeneous structure, probably 
due to the presence of viable inflammatory tissue. Histologic exami- 
nation of material obtained by puncture of the paravertebral mass 
showed an inflammatory reaction. After Initiation of antituberculous 
therapy, signs and symptoms regressed. 


Case 4 


This 27-year-old man was treated for tuberculous spondylitis and 
a left psoas abscess. Culture of material obtained by puncture of the 
abscess confirmed tuberculosis. Follow-up examination revealed a 
psoas abscess an the right side. Furthermore, a left subcutaneous 
collection was visualized. The MR image with a long TE (100 msec) 
helped to differentiate fat and inflammation (Fig. 4). 


Discussion 

A paravertebral soft-tissue mass with destruction of a 
vertebral body and disk occurs in a variety of conditions, 
including pyogenic infection, tuberculosis, and neoplasm. Al- 
though advanced pyogenic or tuberculous spondylitis is easily 
recognized on plain radiographs or CT, a specific diagnosis 
is not always obvious. The ability of MRI to provide good 
contrast resolution in any plane makes it valuable for defining 
the features of spondylitis, specifically disk-space disease, 
paravertebral extension, and Involvement of the spinal canal. 

Inflammatory tissue, especially abscesses, causes rela- 
tively low signal intensity on T1-weighted images and rela- 
tively high signal intensity on T2-weighted images [7]. This is 
due to increased water content and prolonged T1 and T2. 
Extension of abscesses are visualized on T2-weighted im- 
ages. In tuberculosis the abscesses are often bilateral and 
located caudal to the level of spondylitis, and they involve 
mainly the psoas muscle. Identification of the abscesses on 
MRI adds specificity and allows a specific diagnosis of ad- 
vanced tuberculosis to be made in one coronal image. How- 
ever, small calcifications, demonstrated on CT examination 
(case 3), cannot be identified on MR Imaging. These calcifi- 
cations are important because they are rarely present in 
nontuberculous abscesses [2]. 

In case 3, a change in the configuration of signal enhance- 
ment on MRI after administration of gadolinium was noted in 
a presumedly healed spondylitis. The IV administration of Gd- 
DTPA resulted in an increased signal intensity of viable inflam- 
matory tissue on T1-weighted images due to shortening of 
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T1 relaxation time [8]. inflammatory tissue with a good blood 
supply enhances after IV injection of Gd-DTPA and Indicates 
active disk-space infection. Furthermore, a connection be- 
tween the disk-space infestion and the paravertebral abscess 
was well shown on gadolinium-enhanced Images. CT and 
MRI were of complementary value in making a specific diag- 
nosis. Further studies are needed to determine the relative 
merits of Gd-DTPA-enhanced T1-weighted Images vs T2- 
weighted multiecho SE techniques. l 

Increased signal intensity on the intervertebral disk can be 
helpful in diagnosing disk-space infection on MR scans. Modic 
et al. [9] concluded that MRI was more sensitive in detecting 
disk-space infection than either conventional radiography or 
CT. It was as sensitive as radionuclide studies and more 
specific. Aguila et al. [10° showed that, in the absence of a 
normal intranuclear cleft, an increased signal intensity of the 
disk is suggestive of disk-space Infection [10]. 

One of the advantages of MRI is that it displays the infected 
nucleus and the paravertebral extension in a single image. 
Furthermore, MRI does not involve the use of lonizing radia- 
tion, making it well suited for repeated follow-up studies. 
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Intraosseous and Intradiscal 
Gas in Association with 
Spinal Infection: Report of 
Three Cases 





The detection of a vacuum phenomenon within the intervertebral disk usually confirms 
the diagnosis of degenerative disease rather than an infective process. A similar 
phenomenon in the vertebral body generally indicates ischemic necrosis. However, 
spinal infection may rarely be accompanied by intradiscal or intraosseous gas so that 
the latter finding does not entirely exclude the possibility of infection. Three cases are 
reported to illustrate gas formation in association with vertebral infection. 


The vacuum phenomenon can be defined as a gaseous collection demonstrated 
radiographically in the intervertebral disk space at single or multiple levels. Its 
detection usually confirms the diagnosis of degenerative disease of the interverte- 
bral disk (intervertebral osteochondrosis or, less commonly, spondylosis defor- 
mans), and is useful in eliminating the diagnosis of infection [1]. Rarely, radiclucent 
collections are seen in infection, especially if the organism produces gas as aresult 
of its metabolism [2-5]. We present three cases in which spinal infection was 
accompanied by intraosseous or intradiscal gas formation. 


Case Reports 
Case 1 


This 51-year-old steroid-dependent asthmatic white man with a history of chronic sinusitis 
and otitis media presented with back pain that had begun approximately 18 months earlier, 
when he was “knocked over” at work. The pain became progressively worse and he was 
diagnosed as having sciatica. A lumbosacral spine series was interpreted as normal (Fig. 1A). 
Because of the patient's continued pain and discomfort as well as lower-extremity weakness, 
radiographic examination was again performed 5 months later (Fig. 1B). These spinal films 
demonstrated findings that were compatible with infection, although gas was observed in the 
narrowed intervertebral disk. CT showed narrowing of the L4—L5 disk space, destruction of 
the adjacent endplates, and a small paraspinal mass. Needle biopsy of the area and culture 
of the recovered material confirmed the diagnosis of infection due to Peptostrepiococcus. 
Although the patient received IV antibiotic therapy consisting of penicillin G folowed by 
Cleocin (clindamycin phosphate) for more than 6 weeks, his back pain and weakness in the 
lower extremities persisted. Radiographic examination approximately 4 months later showed 
further discal and osseous collapse as well as the continued presence of gas in the disk (Fig. 
1C). 

The patient was advised that surgery was required but sought a second opirion. Two 
months later, an anterior lumbar decompression and osseous fusion were performed. An 
operative biopsy yielded Staphylococcus epidermidis that was believed to be a contaminant, 
and he was treated with IV penicillin G. Pathologic examination of the operative specimen 
revealed degenerative fibrocartilage, reactive as well as lamellar bone, and a smal! focus of 
chronic inflammation (Fig. 1D). Currently, the patient is ambulating and has no back pain. 
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Fig. 1.—Case 1. A, Initial lateral radiograph reveals loss of discal height between L4 and L5 and 
absence of vacuum phenomenon. B, 5 months later, note narrowed intervertebral disk between L4 and 
LS. Prominent intradiscal gas is seen. C, 4 months after B. progressive discal and osseous destruction 
is seen. Gas (arrow) persists. D, Photomicrograph shows thick reactive bone and adjacent highly 
vascular, loose connective tissue, fat, and inflammatory cells. (H and E x40). 








O 


Fig. 2.—Case 2. A, Partial collapse of L1 with multiple small radiolucent areas in bone. B, Gas in bone and 
psoas muscles is confirmed by CT. C, Photomicrograph (x100) shows area of necrotic, acute inflammatory 
A exudate in marrow space with reactive bone formation. 
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Fig. 3.—Case 3. A, Lateral decubitus 
radiograph of chest shows intraosseous 
gas (arrow). B, CT at level of sixth tho- 
racic vertebra reveals gas (arrows) in ver- 
tebral body and paraspinal soft tissue. C, 
Histologic evaluation of vertebral body 
shows abscess that is well demarcated 
(star) from bene marrow (x16). D, At 
higher magnification (x 160). fibrin mesh- 
work containing polymorphenuclear leu- 
kocytes and some macrophages. 
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Case 2 


A 64-year-old woman with a past medical history of hemolytic 
anemia treated with corticosteroid medication developed increasing 
low-back paim over a 2-month period. During the past few days, she 
experienced diaphoresis without fever or chills. Pertinent physical 
findings included a slightly elevated temperature and tenderness in 
the lower lumbar region. Leukocytosis on serologic examination and 
numerous leukocytes in the urine were detected. Blood cultures were 
positive for Escherichia coli. 

Routine radiography demonstrated partial collapse of the first 
lumbar vertebral body with multiple intraosseous radiolucent areas 
(Fig. 2A) as well as increased bone sclerosis in the third lumbar 
vertebral body. A bone scan showed an increased uptake of the 
radiopharmaceutical at the L3-L4 level and diminished accumulation 
of the radionuclide in L1. A gallium scan was interpreted as negative. 
CT (Fig. 2B) demonstrated gas within the first lumbar vertebral body 
and both psoas muscles. Biopsy and drainage of the right psoas 
muscle led to the recovery of E. coli. An antibiotic (Ancef, i.e., sterile 
cefazolin sodium) was administered; however, owing to a slow Clinical 
response and further collapse of L1, biopsy of the first and third 
lumber vertebral bodies was accomplished. Histologic analysis con- 
firmed the diagnosis of osteomyelitis (Fig. 2C). The patient was 
continued on the medication and was subsequently discharged from 
the hospital. 


Case 3 


This 58-year-old alcoholic man fell 5 days before hospital admis- 
sion, sustaining a closed fracture of the humerus, injury to the left 
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malar eminence, and a large laceration of the tongue. Shortly after 
admission, the patient suddenly developed spiking fevers. Blood 
cultures were positive for Streptococcus viridans, anc IV penicillin 
was administered. Approximately 9 days later, leg paresis occurred. 
A review of the chest radiographs revealed the presence of a para- 
spinal mass and gas in the sixth thoracic vertebral bady (Fig. 3A), 
findings that were further confirmed with CT (Fig. 3B). Debrdement 
and culture of the infected tissue led to the recovery of several 
streptococcal species (S. mitis, S. milleri) and bacteroides organisms. 
The subsequent course of the illness was characterized by epidural 
and intradural abscess formation and an empyema of ‘he left lung, 
and the patient died 56 days after admission. At autopsy, bacterial 
infections of the tongue, sixth thoracic vertebral body. and pleura 
were evident (Figs. 3C and 3D). 


Discussion 


Although intradiscal gas (the vacuum phenomenon) is a 
reliable indicator of intervertebral osteochondrosis (or less 
typically, spondylosis deformans) and intravertebral gas of 
ischemic necrosis of bone, gas formation within these struc- 
tures may on rare occasions indicate spinal infection. The 
combination of spinal infection and gas productien is docu- 
mented in the literature in only a few case reports, specifically 
in association with Clostridia [2], brucellosis [1], tuberculosis 
[3], and Peptococcus [6]. In the single patient with tubercu- 
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losis and the one with Peptococcus, the gaseous collections 
were seen by CT, the technique that was used in our patients. 
Because CT is more sensitive than conventional radiography 
in demonstrating vacuum phenomena [3], it is possible that 
the routine use of CT in cases of spinal infection would 
document additional examples of gas formation. 

The appearance of radiolucent collections in degenerative 
disk disease and in infection occurs by different mechanisms. 
In the former situation gas, principally nitrogen, collects within 
areas of negative pressure created by distraction of tissues 
in the intervertebral disks; in infection, gas is generated by 
organisms and probably Is under high pressure. Furthermore, 
although our report and others [1-3, 6] indicate exceptions 
to the rule, the identification of radiolucent collections within 
the intervertebral disk or vertebral body makes the presence 
of infection highly unlikely. Such vacuum phenomena have 
been recognized in approximately 1-3% of spinal radiographs 
[7-9], and their frequency may rise to 20% in elderly individ- 
uals [10]. Close radiographic and pathologic correlation in 
cadavers has confirmed the association of the typical vacuum 
appearance, consisting of linear or circular radiolucent re- 
gions, with the presence of degenerative disk disease and 
the absence of infection [1]. The existence of isolated case 
studies, including the three studied in this investigation, in 
which gas formation and Infection have occurred simultane- 
ously, does not lessen the importance of intradiscal or intraos- 
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seous spinal gas as an observation that generally eliminates 
the possibility of infection. 
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Chronic Recurrent Multifocal Osteomyelitis (Case Report) 


M. David Wiener’, Ronald G. Newbold, and David F. Merten 


In 1972, Giedion et al. [1] described a form of chronic 
osteomyelitis in children characterized by symmetric osteoly- 
tic lesions adjacent to the growth plate of long bones. Probst 
et al. [2] in 1978 suggested the designation “chronic recurrent 
multifocal osteomyelitis” for this condition, which is charac- 
terized radioiogically by multiple lesions suggestive of osteo- 
myelitis and clinically by a prolonged relapsing course and 
lack of a demonstrable causative agent. The condition has 
since been associated with palmoplantar pustulosis [3]. As 
yet, no reports of it exist in the American radiologic literature. 
Recognition of this entity is important in order to avoid unnec- 
essary surgery and antibiotic therapy. 


Case Report 


A 7-year-old black boy was admitted to Duke University Medical 
Center three times over a 6-month period with progressive bone pain, 
low-grade fever, and pustular skin lesions. The pain initially involved 
his heels, knees, hips, and low back. On presentation, radiographs 
of the lumbosacral spine. hips, and feet were normal. Extensive 
laboratory workup revealed only an elevated erythrocyte sedimenta- 
tion rate of 128 mm/hr (Westergren). 

One month later, technetium-99m medronate scintigraphy revealed 
areas of increased tracer activity in the left calcaneus, right ischium, 
right distal tibial metaphysis, and medial border of the right scapula. 
Poor definition of the right ischial cortical margin was the only abnor- 
mality noted-om the:plain films. Right ischium biopsy revealed normal 
bone with negative cultures. There were widespread pustular lesions 
in various stages of evolution involving the palms and soles. Punch 
biopsy of the skin from the left foot revealed “old resolving pustular 
dermatitis” with no vasculitis present. The patient was discharged to 
a rehabilitation center with a diagnosis of “probable enthesopathy.” 

Four months later he returned with painful swelling of his left hand 
and foot. He was afebrile with a normal white blood cell count and 
an elevated enythrocyte sedimentation rate. Radiographs of the left 
hand and foot (Figs. 1 and 2) revealed periosteal reaction in the third 
metacarpal, fourth proximal phalanx, and fourth metatarsal. Lytic 
lesions were present in the distal radial, ulnar, third metacarpal, and 
fourth proximal phalangeal metaphyses. In retrospect, there had been 
increased tracer activity in the left hand on bone scan 5 months 
earlier. Biopsy of the hand and foot revealed chronic inflammation 
with scattered noncaseous granulomas. Stains for Mycobacterium 
and fungus were negative, as were all cultures. A diagnosis of chronic 
recurrent multifocal osteomyelitis was made and the patient was 
discharged on nonsteroidal antiinflammatory drugs. 


Discussion 


Chronic recurrent multifocal osteomyelitis has been re- 
ported throughout the axial and appendicular skeleton with a 
predilection for the sites of acute hematogenous osteomyelitis 
in infancy and childhood, that is, the metaphyses of tubular 
bones. The disease most often occurs in children and young 
adults, although patients range in age from 20 months [4] to 
55 years [5]. 

Clinically, the disease is characterized by the insidious 
onset of local swelling and pain in affected bones usually 
accompanied by low-grade fever, elevated erythrocyte sedi- 
mentation rate, and normal white blood cell count. The dis- 
ease is characterized by intermittent periods of exacerbation 
and improvement. Symptoms persist for an average of 6 
years (range 1-15 years) [6], although recurrences have been 
reported after symptom-free periods of up to 6 years [2]. 
Palmoplantar pustulosis has been previously described in 10 
patients [3] with a correlation between recurrence of pustu- 
losis and bone pain. No growth disturbances have been 
reported. 

Histologically, chronic recurrent multifocal osteomyelitis be- 
gins as an acute inflammatory process with osteoclastic bone 
resorption. In later stages, there is reactive new bone forma- 
tion and occasional noncaseous granulomatous foci [5]. Cul- 
tures are negative. 

Radiologic abnormalities include bone lesions, soft-tissue 
swelling, and rarely joint effusions. Five to 10 simultaneous 
lesions are usual [4]. Although symmetry has been described 
as a predominant feature of the disorder, lack of symmetry, 
either temporary or permanent, may also be seen [2]. Meta- 
physeal involvement is characteristic; therefore, the diaphy- 
seal lesions in our case are atypical. Because of the insidious 
onset and mild character of the clinical signs and symptoms, 
most lesions are not detected until an advanced stage. Sev- 
eral lesions have been studied from their beginning with soft- 
tissue swelling, joint effusion, diffuse demineralization, and a 
faintly visible periosteal reaction [2]. More typically, lesions 
are osteolytic with periosteal reaction. which, if still unifocal, 
may be misinterpreted at an early stage as a malignant tumor. 
Chronic stages may demonstrate variable numbers of small, 
rounded radiolucencies adjacent to the metaphyseal growth 
plates surrounded by narrow areas of sclerosis. In flat bones 
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A 


Fig. 1.—Radiograph of left hand. A, Osteolytic lesions in the distal meta- 
physes of third metacarpal and fourth proximal phalanx. Extensive periosteal 
reaction in metacarpal diaphysis is atypical for chronic recurrent multifocal 





Fig. 2.—Radiograph of left foot. Atypical diaphyseal periosteal reaction in 
fourth metatarsal. 
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osteomyelitis. B, Detailed view of distal radius and ulna. Radiolucencies adja- 
cent to metaphyseal growth plates with thin surrounding sclerosis are charac- 
teristic for chronic recurrent multifocal osteomyelitis. 


and the clavicles, the sclerotic reaction may be more diffuse 
involving the whole diameter of the affected bone [2, 7]. 

Antibiotic therapy has not altered the course of chronic 
recurrent multifocal osteomyelitis in the majority of reported 
cases [4]. Successful treatment has included corticosteroids 
[1-3, 5, 8] and physical therapy [6]. With early diagnosis, the 
overall prognosis is good. 
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Impact of Extracorporeal 
Shock Wave Lithotripsy on 
Percutaneous Stone 
Procedures 





Extracorporeal shock wave lithotripsy (ESWL) is now the primary urologic treatment 
for symptomatic renal calculi; it is responsible for a substantial decrease in percutaneous 
stone removal procedures. Three hundred patients treated since ESWL became avail- 
able are compared with the preceding 300 patients who were treated percutaneously. 
Since it became available, ESWL has been used alone on over 90% of patients. The 
cost of ESWL (average $7500) is similar to that of percutaneous removal procecures, 
and it causes less morbidity. Percutaneous techniques are still necessary before ESWL 
is performed (2%) for patients with a large number of stones or stagnorn calculi, 
especially when there is obstruction. Percutaneous techniques alone (2%) may be 
necessary, especially if high-grade ureteropelvic junction obstruction is present. After 
ESWL, percutaneous drainage or retrieval of stone fragments may be required (2%). 
The need for interventional uroradiology persists, although its role is changing. For 
optimal patient care, the radiologist should provide the urologist with imaging consul- 
tation, radiation protection advice, and continued assistance in the less frequently used, 
though still essential, percutaneous calculus removal techniques. 


Extracorporeal shock wave lithotripsy (ESWL) has become the treatment of 
choice for most patients with symptomatic renal calculi. Pioneered by Chaussy and 
developed by the Dornier company in the early 1980s in Germany, it is now 
available at regional centers worldwide [1-3]. ESWL alone successfully treats 80- 
90% of renal calculi. 

For 10-20% of patients, however, ESWL is ineffective or insufficient as a single 
technique for complete calculus removal [3-5]. These patients require additional 
percutaneous, endoscopic, or surgical procedures, either before or after tne initial 
ESWL, to complete the stone removal. 

The course of the first 300 patients who underwent treatment for symptomatic 
renal calculi since the availability of ESWL at our institution was reviewed to 
determine the impact of this new procedure on percutaneous stone removal 
techniques. This experience was compared with that of the preceding 300 patients 
in whom percutaneous techniques were used to treat calculus disease. ESWL 
replaced percutaneous ultrasonic lithotripsy (PUL) in 90% of the patients. Percu- 
taneous techniques remain useful as an initial or additional procedure in patients 
with large stone bulk, compromised urinary drainage, or stones tnat do not 
adequately fragment with ESWL. 


Methods and Material 


The clinical data and radiographs of all patients referred for possible removal of renal 
calculus (calculi) are reviewed by the staff urologist, and as necessary, by the uroradioiogist 
before acceptance for treatment. If the patient is a suitable candidate, he or she is seen and 
examined by the staff urologist. The patient is informed of treatment options (fiank incision, 
dorsal lumbotomy, PUL, or ESWL) and recommendations are made. 

Patient age, gender, and calculus distribution were similar for the 300 patients treated with 
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PUL ESWL. 
No. of men (%) 198 (66) 177 (59) 
No. of women (%) 102 (34) 123 (41) 
Total 300 (100) 300 (100) 
Average age (years) 46 47 
Age range (years) 15-89 16-86 
No. of Calcull 414 519 
145 132 
Caliceal 162 309 
Upper ureteral, UPJ 95 73 
Branching, staghorn 12 5 


TABLE 2: ESWL: impact on PUL 





No. of 
Patients 
PUL before ESWL available 
November 1982~May 1985 300 
Average PULs per week 2.3 
PUL after ESWL available 
May 1985-October 1985 15 
Average PULs per week 0.75 
Average ESWLs per wesk 20 


Note.—ESWL. = extracorporeal shock wave fthotripsy, PUL = percutaneous ultrasonic 
tthotripsy. 


TABLE 3: Utilization Data 





SL DL. PUL ESWL 

Hospital stay 

(days) 10.8 6 5.5 1 
Cost (adjusted 

1985) $10,600 $8900 $8600 $7500 
Return to work 

(weeks) 3.8 1-3 1-3 <1 

e a lonldneat DL = dorsal lumbotomy, PUL » percutaneous ultrasonic 
Ithotripsy, ESWL = extracorporeal ees wave Ithotripey. 


PUL between November 1982 and May 1985 and the 300 patients 
treated with ESWL (+ PUL) from May 1985 to October 1985 (Table 
1) [4]. 

Indications for primary PUL Included a large stone (>2.5 cm in 
diameter) with or without infection, numerous radiolucent calculi, and 
obstruction of the ureteropelvic junction. Indications for a pre-ESWL 
PUL included large stone burden or staghor calculus with or without 
infection. Indications for post-ESWL PUL. included calculi that did not 
fragment adequately with ESWL, the need for antegrade percuta- 
neous removal of impacted fragments or stones in the upper collect- 
ing system, drainage of an obstructed kidney, or infected urine. 


Results 
During the 31 months (November 1982~May 1985) before 
ESWL became available at our institution, we performed 300 
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TABLE 4: Procedural Variations 





SL PUL ESWL 
No. of patients 100 300 300 
% Blood transfusions 8 4 0 
% Fever 26 5 1 
% Stone extravasation 1 3 0 
% Pneumothorax 5 0 0 


TABLE 5: Manipulation Before and After ESWL 





% of Cases 
Pre-ESWL Ureteral manipuletions 
Cystoscopy retrograde catheter 25 
Stent placement 19 
Ureteroscopy <i 
Pecutaneous antegrade stone procedure 2 
Post-ESWL calculus manipulations 
Retrograde ureteral catheter 1 
Percutaneous antegrade stone procedure 1 
Repeat ESWL 2 





Note.—ESWL = extracorporeal shock wave ithotripsy. 


PULs, or an average of 2.3 per week. Since the installation of 
the Dornier lithotripter (May 1985), percutaneous procedures 
decreased to an average of 0.75 per week. At the same time, 
the number of patients traated for calculi increased to 20 per 
week (Table 2). General anesthesia was used for surgical 
ltthotomy, dorsal lumbotomy, and PUL, averaging 2% hr [6]. 
For ESWL, regional anesthesia (e.g., epidural) was used for 
98% of patients. Other data contrasting surgical lithotomy, 
dorsal lumbotomy, PUL, and ESWL are given in Table 3 [6]. 
The “cost” includes all Fospital, technical, and professional 
charges and is adjusted co 1985 dollars. The cost for ESWL 
also reflects a substantial number of patients who are treated 
as short stay patients; that is, they arrive at the institution in 
the moming, are treated that day, and depart the same day 
after the anesthesia has resolved. They are requested, how- 
ever, to spend the next 12-24 hr at a location within 1 hr of 
the medical center. The percentage of patients who are 
treated as short-stay patients has increased as we have 
gained experience with this procedure. During the past 3 
months, over 90% of patients were hospitalized 2 days or 
less, and over 60% of patients were treated as short-stay 
patients or outpatients. 

Procedural variations or complications for surgical 
lithotomy, PUL, and ESWL are detailed In Table 4 [6]. The 
morbidity associated with ESWL is clearly minimal. 

Most patients treated by ESWL needed no pain medication 
after the procedure; a substantlal number needed only 
salicylates or acetamenophen; a few needed narcotics. Of the 
first 300 patients, 15 (5%) were readmitted to the hospital for 
treatment of pain when fragments were passing down the 
ureter. 

ESWL alone has been the primary treatment for over 90% 
of patients with symptomatic renal calculi. Besides the 15 
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Fig. 1.—A and B, Large number of 
slightly opaque calculi in renal collecting 
system in a patient with congenital ure- 
teropelvic juncti@n narrowing. The calculi 
were removed percutaneously with ultra- 
sonic lithotripsy because of stone bulk 
and ureterapelvic junction narrowing; 
ESWL (extracorporeal shock wave litho- 
tripsy) was not necessary. 


Fig. 2.—A and B, Staghorn calculus 
that required combined percutaneous 
ultrasonic lithotripsy (PUL) and extracor- 
poreal shock wave lithotripsy (ESWL). 
Most of the ealculus was removed initially 
by PUL. With tubes in place, large stone 
fragments and residual calculi were 
treated successfully by ESWL. 
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A 
patients who needed a PUL, two others needed pre-ESWL In addition, 44% of the patients had pre-ESWL cystoscopy 
ureteroscopy, four needed post-ESWL basketing of lower with either placement of a ureteral catheter or double-J ure- 
ureteral feagments, and six needed a second ESWL to com- teral stent (Table 5). The catheter was used to dislodge 


plete stone fragmentation (Table 5). 


ureteral calculi upward. Both catheters and stents were help- 
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ful in localizing small or difficult-to-visualize calculi- during 
ESWL. The retrograde ureteral catheters were removed after 
the procedure, whereas the stents were usually left in place 
for 1 to 4 weeks. Fragment passage usually occurred around 
the stent. 


Discussion 


For the past 3 years, percutaneous stone removal tech- 
niques, especially PUL, have been the treatment of choice for 
patients with symptomatic renal calculi [6-11]. A variety of 
manipulative techniques were developed, making percuta- 
neous procedures successful in over 95% of patients [12- 
17]. However, ESWL is now the preferred method of treat- 
ment. There is reduced patient morbidity and shorter recovery 
and hospitalization time. Experience with ESWL has shown 
that it is over 95% successful in fragmenting calculi [3-5]. 
Chaussy et al. [2] report that only 10% of patients continue 
to show calculus debris on follow-up supine abdominal films 
taken 3 months after ESWL [2]. Other investigators report a 
higher frequency of residual debris. The consequence of 
residual debris and the frequency of calculus recurrence await 
further follow-up. 

Percutaneous stone procedures are still useful in selected 
cases. In our experience, the number of PULs has decreased 
to one-third of that done before the ESWL unit was installed 
(Table 2). However, because the ESWL unit is at a regional 
treatment center, the number of patients treated by ESWL 
per week has greatly increased. The percentage of percuta- 
neous procedures necessary for all patients with calculus 
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Fig. 3.—Renal calculus treated by ex- 
tracorporeal shock wave lithotripsy 
(ESWL). A, Pre-ESWL radiograph show- 
ing Opaque 8 x 13 mm right renal calcu- 
lus. B, Radiograph taken in water-bath of 
Dornier lithotripter after 1000 shocks 
[20]. There has been complete disruption 
of calculus, small fragments of which now 
fill middie and lower calices (arrows); 
these fragments all passed readily 
through urinary tract. 


disease has decreased to less than 10% of that done previ- 
ously [3-5]. 


Role of the Radiologist in the ESWL Era 


ESWL is primarily a urologic procedure. There remains, 
however, a role for the uroradiologist [18, 19]. Before a patient 
is treated with ESWL, the radiologist can consult with the 
urologist on difficult cases. A number of patients will still be 
treated with percutaneous nephrostomy for obstruction, or 
will require PUL before ESWL. This is particularly true for the 
patient who has a large or staghorn calculus or a ureteropelvic 
junction obstruction (Figs. 1 and 2). During the ESWL proce- 
dure, the radiologist can play a significant role as an imaging 
consultant and can assist the urologist with stone localization 
on fluoroscopy. Additionally, techniques can be developed 
and put in use to assist the urologist in localizing difficult-to- 
visualize calculi or assessing the adequacy of stone fragmen- 
tation. The in-bath filming technique has proven especially 
helpful in this regard (Fig. 3) [20]. Likewise, the radiologist 
can assume responsibility for ensuring adequate radiation 
monitoring and protectior [21, 22]. 

In Our experience, 4% of patients treated with ESWL re- 
quire additional techniques for removal of stone fragments 
(Table 5). Twenty-five percent of post-ESWL adjuvant pro- 
cedures used percutaneous techniques. Follow-up imaging 
of some patients requires sonography for detection of he- 
matoma, hydronephrosis, or urinoma. Most patients require 
supine abdominal radiographs to follow passage of stones. 
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Commentary 





Extracorporeal Shock Wave Lithotripsy and the Radiologist 


Howard M. Pollack! and Marc P. Banner 


The preceding articie, “Impact of Extracorporeal Shock 
Wave Lithotripsy on Percutaneous Stone Procedures,” by 
Bush et al. [1], points out some facts that are of interest to 
all radiologists, especially those who perform interventional 
procedures on the urinary tract. In an attempt to assess the 
effect of ESWL (extracorporeal shock wave lithotripsy) on 
their practice of percutaneous ultrasonic lithotripsy (PUL), the 
authors compared two groups of patients with urinary tract 
calculi, one group treated before thelr hospital installed a 
lithotripter, the other after. The results are striking. Since 
ESWL, the authors have experienced a 70% reduction in the 
number of PULs they perform. While this appears to be a 
cause for serious concern on the part of those responsible 
for professional staffing and allocation of departmental re- 
sources, the truth of the matter is that the news is not nearly 
as bad as It sounds. With ESWL as a regional drawing card, 
Bush’s hospital has attracted so many new patients with 
urinary calculus disease that, despite the relatively small 
_ percentage now requiring percutaneous procedures, the 
overall demand for interventional uroradiology at that institu- 
tion is still more than enough to ensure that Bush and his 
colleagues do not lack for work. He points out, quite reason- 
ably, that the role of the radiologist in the management of 
patients with stones has not been significantly reduced by 
the arrival of the lithotripter. Our own experience has been 
similar. Not only can we confirm Bush’s observations, but we 
can actually.point to an increase in our workload since the 
installation of a lithotripter at the Hospital of the University of 
Pennsylvania. This seeming paradox can be explained, In 
part, by considering the source of the additional procedures. 


Pre-ESWL Manipulative Procedures 


For patients with large staghorn calculi, primary PUL with 
secondary ESWL for residual stone fragments appears to 
offer a safer and more fredictable course than does primary 


ESWL. Many patients with staghorn calculi present them- 


selves for treatment in the hope that their stones—not Infre- 
quently, massive formations of 10-15 years’ duration—can 
now be treated in a streightforward, uncomplicated manner. 
As more of these cases are accepted for treatment, the 
interventional workload grows, each patient usually requiring 
at least two or three fiuoroscopic procedures (e.g., nephros- 
tomy, tube changes anc repositionings, fragment evacuation 
and extraction). 


Post-ESWL. Manipulative Procedures 


In our Institution, approximately 9% of patients treated 
primarily with ESWL require subsequent intervention for 
symptomatic stone fragments that have become arrested in 
the ureter. The simplest and most expedient of the adjunctive 
inteventional procedures has been retrograde passage of a 
ureteral catheter, around which fragments usually pass In a 
few days. Endoscopic manipulations may also inciude ureteral 
meatotomy and ureteroscopic extraction of stone fragments. 
When a catheter cannot be passed retrograde above an 
obstructing column of stone fragments by the urologist, fluo- 
roscopicaltly guided retrograde ureteral manipulations by in- 
terventional radiologists (employing a variety of quidewilres, 
catheters, and sheaths) will often bypass the stone fragments 


* Both authors: Department of Radiology, Hospital of the University of Pennsylvania, 3400 Spruce St./G1, Philadelphia, PA 19104. Address reprint requests to 


H. M. Polack. 


AJR 147:94-96, Juty 1986 0361 -803X/86/1471~0094 © American Roentgen Ray Society 


AJR:147, July 1986 


and allow retrograce renal drainage without the need for 
percutaneous nephrostomy. We have carried out many such 
perurethral-catheter manipulations, and currently perform one 
or two almost every week on patients who have had ESWL. 
Here again, this often involves more than one procedure/ 
patient, since there are retrograde pyeloureterograms, cath- 
eter repositions, basket extractions, and dilatation of ureteral 
narrowings, among other procedures that must be done. 
When obstructive and symptomatic ureteral stone fragments 
cannot be managed in retrograde fashion, percutaneous ne- 
phrostomy (again, often followed by additional manipulations) 
may become necessary. 

The significance of the foregoing seems perfectly clear. In 
the era of ESWL, interventional uroradiology is thriving—at 
least in those institutions where there is a lithotripter. What 
about those hospitals that do not have the new technology? 
One can assume that as fewer patients are willing to undergo 
invasive procedures for the removal of stones, interventional 
uroradiology will almost certainly dwindle in the absence of 
ESWL-generated procedures. For uroradiologists in those 
hospitals, ESWL may be a drawback. However, over all, the 
good offsets the bad. It is the price one pays for progress. 


Noninvasive Studies 


The impact of ESWL on noninvasive radiologic practice has 
been even more impressive. Once again, using our Own 
department experiences as a barometer, we have been faced 
with an acute, sometimes staggering, increase in our work- 
load. 


Abdominal Plain Radiographs 


All \ithotripter patients have a minimum of two plain abdom- 
inal films one made before and the other after). Since it is not 
unusual for the in-house lithotripter census to approach 25 
patients, it is easy to see how the number of abdominal films 
can become considerable. Since May 1985, we have experi- 
enced over a 10-fold increase in the number of these exami- 
nations. Mechanisms have had to be devised to handle the 
increased patient traffic; film flow; radiographic room de- 
mands; technological, clerical, and secretarial services; and 
So forth. 


Urography 


Fortunately, most patients evaluated for ESWL have had a 
prior satisfactory excretory urogram and do not require a new 
study. However, if those few requiring an updated study are 
added to the post-ESWL patients returning for a 30- or 60- 
day follow-up urogram, the result will be a slight but definite 
increase in the number of such examinations conducted. 


Other Studies 


Patients with nonopaque calculi routinely undergo post- 
ESWL fluoroscopic retrograde pyelography to ascertain the 
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adequency of stone disintegration, thereby accounting for a 
slight increase in the number of such studies. Renal sono- 
grams, radionuclide studies, and CT should also increase only 
slightly, because these studies are usually reserved for pa- 
tients being followed for ureteral obstruction, functional 
changes, persistent unexplained fever or hematuria, and so 
on. A single pretreatment chest examination (posteroanterior 
and lateral films) is also performed on all ESWL patients. 


Space Considerations 


The demand for additional space amd equipment necessary 
to fulfill the expanded role of radiology in providing ESWL- 
related services is an important consideration. 


Radiographic Facilities 


The need for immediate pre-ESWL localization films, often 
in conjunction with ureteral catheter passage, makes a nearby 
radiographic facility and darkroom a must. This need may be 
met, in part, by a combined cystoscopic-radiographic table, 
but like any shared facility, such an arrangement is not always 
satisfactory. The increased number ot abdominal radiographs 
may also necessitate additional space and generating equip- 
ment within the main radiology deparment. 


Radiographic Multiviewers 


The increased traffic in radiograph viewing can be handled 
most expediently by a separate alternator dedicated to ESWL 
patients, on which all current relevant films remain curing the 
patient's hospitalization. While such a scheme eliminates the 
need for repetitive film handling and provides a means of 
instantaneous comparison, additional space (anc dollars) 
must be found to house the apparatus. 


Storage of “Outside” Films 


On a busy lithotripter service, one can expect to receive, in 
the mail or through other sources, about 5-10 thick envelopes 
daily, each containing radiographic examinations—usually 
more than one—made at various hospitals or offices on 
potential ESWL candidates. If not neatly stored in some easily 
retrievable manner, such a bulk of material soon becomes 
overburdening. Space must be proviced to house these out- 
side films and to file them in an ordery way until they are no 
longer needed. In providing meaningful follow-up after ESWL, 
it may be desirable to duplicate pertinent outside films, which 
become a permanent addition to the patient's film jacket, 
thereby making a further impact on radiologic services. 


Manpower 


Lastly, ESWL has an effect on personnel within the radiol- 
ogy department. 
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Radiologists 


As Bush et al. point out, the radiologist has a busy and 
varied job where ESWL is concerned, serving as a consultant 
to the urologist on difficult cases, advising on alternative 
methods of imaging when indicated, helping localize stones 
before and during ESWL, as well as overseeing radiation 
monitoring and protection. The radiologist’s interpretation of 
radiographs serves as the framework upon which the pa- 
tient's subsequent course is planned. Reviewing the radio- 
logic studies performed elsewhere is also a critical function. 
On several occasions we have rejected patients for ESWL 
when careful review of their outside films revealed their 
“stones” to be calcified neoplasms, aneurysms, necrotic pa- 
pillae, or foci of medullary nephrocalcinosis. If the best inter- 
ests of patients are to be served, this vital radiologic function 
should not be abdicated. While surveying these films, the 
radiologist can also mark appropriate ones for duplication. 


Other Personnel 


The ramifications of a sustained increase in the number or 
complexity of radiologic procedures are widespread through- 
Out any radiology department. From radiographers to fileroom 
clerks, from transporters to typists, from secretaries to sched- 
ulers, the effect is felt by all. If increased efficiency alone 
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proves inadequate to compensate for these increased de- 
mands, additional personnel may be required. 


Summary 


When a hospital acquires a lithotripter it is unlikely that the 
volume of interventional radiology performed by personnel in 
that institution will be reduced. On the contrary, a significant 
increase in workload will probably occur. This will encompass 
not only interventional procedures on the urinary tract, but 
will also involve abdominal radiographs, excretory urograms, 
and so forth. Additional demands on the radiology department 
in the form of space, equipment, and possibly technical per- 
sonnel will go hand in hand with an increase in the professional 
responsibilities of the attending radiologists. Radiologists 
must prepare themselves and their departments to meet 
these new responsibilities so that high standards of patient 
care can be maintained. 
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Management of Male 
Infertility: Roles of Contact 
Thermography, Spermatic 
Venography, and Embolization 





The leading cause of male infertility is the presence of varicocele. Recently, selective 
spermatic vein embolization during spermatic venography has afforded a simple, non- 
operative treatment. In this study, liquid crystal contact thermography was employed 
before spermatic venography and after embolization or surgery. Pretreatmen: thermo- 
graphic results were in agreement with venography in 15 of 17 cases as 13 were 
considered positive and two negative by both methods. Thermography further served 
to document objectively the immediate physiologic effectiveness of either therapy in 
controlling spermatic vein reflux into the pampiniform plexus. It therefore provides a 
noninvasive means of evaluating treatment success or recurrence at an early stage. 
Preliminary thermographic evidence indicates that embolization is a highly effective 
treatment of reflux. Thermography can also function as a useful, noninvasive screening 
technique to aid in selecting patients for spermatic venography and embolization 
therapy. 


As early as 1956 Hanley [1] demonstrated the association of scrotal temperature 
elevation due to varicocele, which is the most common cause of male infertility. 
According to Zorgniotti [2] spermatic vein reflux into the pampiniform plexus is the 
probable cause of varicocele. This reflux, with its associated intrascrotal elevated 
temperature, has been singled out as one of the causes of poor semen. A varicocele 
could also cause sterility purely on the bases of stasis of the venous circulation 
and associated hypoxia. Another theory postulates that metabolites from tne renal 
vein, which reflux via the spermatic vein into the testicular pampiniform plexus, 
may interfere with spermatogenesis. In an earlier study Zorgniottl and MacLeod 
[3] also observed disturbed temperature regulation over the left hemiscrotum in 
many oligospermic patients without palpable varicocele. Comhaire et al. [4] ana- 
lyzed these data and suggested that the temperature disturbance in these cases 
was caused by Clinically undetectable varicocele and spermatic vein reflux. Ther- 
mography is therefore potentially useful in detecting hyperthermia during screening 
for such subclinical varicoceles. 

The frequency of varicocele in sterile men was as high as 39% in a series of 
1294 patients reported by Dubin and Amelar [5] and as high as 37% among 200 
patients studied by Comhaire et al. [4]. Conversely, the frequency of varicocele in 
the normal population has been reported to be as low as 4.4% [6]. 

The presence of varicocele and spermatic vein reflux, including the subclinical 
variety, can be demonstrated by selective spermatic venography [2, 4 6, TI: 
Recently, spermatic vein coil occlusion, performed at the time of venography, has 
been developed as an alternative to surgical ligation of varicoceles [8, 9]. 

This paper reports our results in the correlation of thermography with spermatic 
venography embolization therapy and surgery. It emphasizes the ability of ther- 
mography to confirm the presence of suspected varicoceles or to detect them 
when they are not clinically apparent. 
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Materials and Methods 


Seventeen infertile men with sperm abnormalities were evaluated 
by selective spermatic venography. All patients had oligospermia as 
well as other semen abnormalities. Liquid crystal contact color ther- 
mography using Flexi-Therm equipment (Flexi-Therm, Inc., Westbury, 
NY) was performed before venography, which was often done the 
Same day. The liquid crystals used for clinical thermography are 
cholesterol derivatives, which selectively reflect polarized light in a 
narrow region of wavelengths. They have strong molecular rotatory 
powers as well as specific color-temperature responses. The latter 
may be accurately calibrated and used for clinical color thermography. 
When embedded in elastomeric Flexi-Therm sheets, the liquid crystals 
can be applied to any body contour, and the regional surface tem- 
perature changes are instantaneously and permanently recorded by 
photographic means. Details of the thermographic technique have 
been previously described | 10]. 

The examination is performed in the erect position with the patient 
performing a Valsalva maneuver. The area of the thermogram should 
Simultaneously include the anterior aspect of the scrotum as well as 
the anterior thighs (Fig. 1). A thermal stress maneuver to accentuate 
asymmetry is performed in most patients. It consists of cooling both 
sides of the scrotum simultaneously with an electric fan and imme- 
diately repeating the study in order to accentuate an existing thermal 
asymmetry or discrepancy. 

Embolization therapy with occluding coils was performed during 
Selective spermatic vein catheterization (Fig. 2) if reflux into the 
pampiniform testicular plexus was observed. Spermatic venography 
was performed by placing a 9-French vascular sheath into the right 
internal jugular vein, superior vena cava, inferior vena cava, and left 
renal vein and threading a nontapered 7.3-French polyethylene cath- 
eter 65 cm in length into the left spermatic vein. The right spermatic 
vein was also routinely studied via the inferior vena cava in each 
case. A venogram obtained by injecting 10-15 ml of radiopaque 
contrast material was used to define spermatic vein anatomy and to 
determine the feasibility and optimal catheter position for emboliza- 
tion. Embolization was accomplished by using an occluding spring 
coil (Cook Inc., Bloomington, IN) (Fig. 2). The major advantages of 
coil embolization are its low cost ($10/coil), safety, and ease of 
manipulation. Coil embolization, however, should not be attempted 
in the presence of inordinately large collateral veins that drain directly 
into the iliac veins (Fig. 3) so as to minimize the risk of systemic 
embolization or dislodging of coils. Reflux was noted in 13 cases. 
Embolization was deemed safe since large collateral veins were not 
present, and it was technically possible to perform embolization 
therapy in nine of the 13 cases. High spermatic vein ligation above 
the pampiniform plexus near the deep inguinal ring was performed in 
the four cases where reflux was demonstrated but embolization was 
not possible for technical reasons (Fig. 3). In four cases venography 
did not demonstrate reflux and embolization was not carried out. 
Two additional patients were operated on despite normal venography 
when the surgeon suspected reflux on a clinical basis. 

Thermograms were repeated in six patients after embolization (Fig. 
2) and in six patients after surgery (Figs. 4 and 5). 


Criteria for Interpretation 


A normal thermogram displays symmetric heat emission 
patterns on both sides of the scrotum (Fig. 1). The scrotum 
should have the same temperature or be cooler than the 
anterior thighs and the penis. A temperature differential of 
0.6°C or more, encompassing at least 25% of the area of 
one hemiscrotum, is considered suspicious of varicocele. A 
temperature increase of 1°C or more is considered to defi- 
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Fig. 1.—Normal thermographic examination of scrotum. Both sides of 
scrotum have same temperature (straight solid arrows). Normal scrotum may 
be same temperature as, or as in this case, slightly cooler (darker brown) than 
the anterior thighs (curved arrows). Penis (open arrow) is warmer (green, blue). 


nitely represent a varicocele, unless there is another patho- 
logic process responsible for the asymmetric heat emission 
(Figs. 2, 3, 5, and 6). This conforms with thermographic 
Standards of abnormality in other regions of the body [11] 
and with reports in the literature indicating abnormal thermal 
asymmetry in varicoceles ranging from 0.6° to 1°C [4, 6, 12, 
13]. A hyperthermic area can be located anywhere in the 
scrotum, including its upper portion (Fig. 6), and need not 
correspond in location to any palpable enlarged vein [5]. 
Bilateral varicoceles can be suspected if the entire scrotum is 
warmer than the anterior thighs (Fig. 7). 


Results 


A normal spermatic venogram without reflux was noted in 
four of 17 cases. Thermography was also negative in two of 
these cases (Fig. 1). However, in the remaining two cases, 
thermography was interpreted as compatible with a left 
varicocele, since there were no other clinically appreciated 
pathologic processes that could account for the hemiscrotal 
temperature increase. Clinical examination confirmed the 
presence of a varicocele in these two patients, who then 
underwent high surgical ligation of the spermatic vein. 

Thermography was in agreement in all 13 patients in whom 
the spermatic venogram showed reflux of contrast material 
into the testicular pampiniform plexus (Figs. 2, 3, and 6). Only 
one patient had reflux confirmed to the right side. The ther- 
mogram simultaneously showed a right varicocele in this 
instance. In five of the 13 cases in which reflux was demon- 
strated by both venography and thermography, the diagnosis 
of varicocele was not apparent by physical examination. They 
were, therefore, indicative of subclinical varicoceles. 

Postembolization thermography was repeated in six pa- 
tients. It showed conversion to a symmetric and normal 
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Fig. 2.—34-year-old infertile man. A, Scrotal thermcgram shows increased 
heat emission on left (arrow) compatible with varicocele. B, Left -etrograde 
spermatic venogram confirmed presence of a left varicocele (arrow). C, This was 
followed by occlusive coil embolization (arrow). D, Repeat thermogram 5 days 
later shows complete symmetry of both sides of scrotum (straight arrows). When 
thermograms return to normal, successful embolization therapy IS corfirmed. 





thermogram in all cases, documenting good physiologic re- 
sponse to treatment (Fig. 2). Two of the six patients became 
fertile. Another two remained infertile for 6 months and 2 
years, respectively, after embolization; in one of these pa- 
tients, only a small increase in sperm count (from 15 to 20 
million) was noted. However, the other patient had a signifi- 
cant increase in sperm count, from 8.6 to 55 million, with an 
improved motility pattern (Fig. 2). The remaining two patients, 
aged 16 and 17 years, were embolized because of painful 
varicoceles. No fertility evaluation was undertaken. They both 
improved symptomatically. 

Postsurgical thermograms were performed in six patients 
(Figs. 4 and 5). In one patient, thermography 1 month after 
high surgical ligation of the left spermatic vein revealed de- 
creased heat emission from the operated left side, so that a 
right varicocele was simulated. Nevertheless, a normal right 
scrotum was correctly identified since its heat emission pat- 


D 


tern was similar to that of the anterior thighs (Fig. 4). His low 
sperm count persisted. Thermography in two patients 3 days 
and 9 months, respectively, after surgery documented nor- 
malization of the preoperative thermal asymmetry. Sperm 
counts 9 months and 1 year after surgery, however, showed 
only marginal improvement in these two patients. Counts rose 
from 6 to 12 million in one patient and from 15 to 18 million 
in the other. In two other patients, thermographic evidence of 
recurrence of the varicocele was noted within 1 month (Fig. 
5) and within 2 weeks after surgery. The first patient showed 
a minimal rise in sperm count from 12 to 15 million, 8 months 
after surgery. The second patient fathered his first child 6 
months after having undergone successful embolization. An- 
other patient (17 years old) showed normalization of his 
thermogram after surgery. No fertility studies were performec 
because surgery was performed for a painful varicocele. Pain 
was entirely relieved postoperatively. 
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Fig. 3.—17-year-old with painful left varicocele. A, Thermogram of scrotum 
shows increased heat emission from entire left hemiscrotum (solid arrow), indicative 
of left varicocele. Penis is denoted by open arrow. B, Selective spermatic venogram 
shows considerable left spermatic vein reflux (straight arrow) and large collateral 
vein (curved arrow). C, Radiograph taken seconds later shows large collateral vein 
(straight arrow) draining directly into left iliac vein (curved arrow) and inferior vena 
cava. In view of marked collateral circulation, embolization was deemed unsafe. 
Patient's pain subsided after surgery. 





B C 


Discussion infertility (Figs. 2, 3, and 6). In the only two patients in whom 

the results of thermography and venography differed, ven- 

Thermography showed excellent correlation with selective ography was falsely negative, since a varicocele was noted 
spermatic venography in demonstrating the presence or ab- clinically. 

sence of varicocele in 15 of our 17 patients evaluated for Results indicate that thermography can be used as a sim- 
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Fig. 4.—Scrota! thermogram 3 months after left varicocele repair showing 
decreased hea! emission from operated side. Apparent hyperthermia (lighter 
brown and yellow)from right hemiscrotum (straight solid arrow) compared with 
left. However, heat emission pattern on right is identical to anterior thighs 
(curved arrows). Penis is indicated by open arrow. Physical examination was 
negative 


ple, noninvasive screening test for selective spermatic vein 
venography. The latter is a highly reliable but invasive radio- 
logic examination. Thermography objectively documented the 
effectiveness of embolization therapy in controlling reflux into 
the testicular pampiniform plexus in six cases in which a 
repeat thermogram was obtained (Fig. 2). It therefore lends 
support to tne role of embolization in the treatment of male 
infertility. 

Although these preliminary results of spermatic vein em- 
bolization therapy are highly encouraging, it is still too early 
to assess its ultimate efficacy. Conversely, surgical ligation of 
the spermatic vein has proved to be effective in infertile men 
with sperm abnormalities and clinical evidence of varicocele 
[4-6, 12-15]. Among the 504 infertile men with semen ab- 
normalities and varicoceles who underwent surgical ligation 
reported by Dubin and Amelar [5], the semen quality improved 
in 71% within | year and 55% became fertile. However, if a 
varicocele is not clinically evident, the beneficial results 
achieved by surgery decrease considerably. This is illustrated 
by the report by Fogh-Andersen et al. [16] that only seven 
(32%) of 22 sterile men with semen abnormalities, but without 
Clinically apparent varicocele, became fertile after surgery. In 
their control group of 44 men, 5% became fertile without 
surgery. 

The value of thermography in selecting patients for treat- 
ment is particularly important when the presence of varico- 
celes cannot be definitively diagnosed by physical examina- 
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Fig. 5.—Thermography 3 months after left spermatic 
vein ligation for varicocele in 28-year-old infertile man. Note 
increased heat emission (arrow) from left hemiscrotum 
compared with right, indicating presence of recurrent left 
varicocele. 





Fig. 6.—Scrotal thermogram of 26-year-old infertile man shows a small 
hyperthermic area in upper left scrotum diagnostic of small varicocele (green, 
arrow). Physical examination was negative. Selective spermatic venography 
demonstrated minor degree of left spermatic vein reflux into testicular pampi- 
niform plexus. Surgical ligation was performed. Patient's iow sperm counts 
became normal within 3 months and he fathered his first child 6 months after 


surgery. 


tion. This was shown in the five patients in whom a varicocele 
was detected solely by thermography and subsequently 
proved by venography. The ability of thermography to detect 
these subclinical varicoceles was also shown by Comhaire et 
al. [4]. They reported that 19 infertile patients without clinical 
evidence of varicocele had positive thermograms. Subse- 
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Fig. 7.—Scrotal thermogram shows symmetric hyperthermia of the scrotum 
(green, straight arrows) compared with anterior thighs (curved arrows) indica- 
tive of bilateral varicoceles. 


quent selective spermatic venography demonstrated reflux 
into the testicular pampiniform plexus in 16 cases. On the 
other hand, venography showed reflux in only one of five 
patients with normal thermograms. 

In addition, Comhaire et al. [4] showed that the thermogram 
had high specificity for the detection of varicoceles since it 
was normal in all 23 controls without varicoceles. Similar 
results were obtained by Lewis and Harrison [13], who found 
an average hemiscrotal asymmetry of slightly more than 1°C 
in 24 patients with infertility and semen abnormalities who 
were considered to have subclinical varicocele. He also found 
that 43 patients with clinical varicocele had an average asym- 
metry of 0.8°C, while normal controls were largely symmetric 
with most displaying differences of only 0.2° to 0.3°C. 


Role of Thermography in the Posttreatment Period 


Improvement of semen count may not become apparent 
until 6 months or more after surgery for varicocele. However, 
thermography is useful in predicting treatment success be- 
Cause reversion to a normal thermal pattern may be evident 
several days after treatment (Figs. 2, 4, and 5). 

In the study by Lewis and Harrison [13], four of the six 
patients who had high spermatic vein ligations for varicoceles 
showed complete thermographic symmetry after surgery. 
Two of these men became fertile. The mean asymmetry of 
the entire group before surgery was 0.87°C. One patient 
showed a 0.9°C asymmetry and had evidence of persistent 
left spermatic vein reflux. One patient did not have postop- 
erative thermography. Of the 45 patients reported by Mon- 
teyne and Comhaire [15], 11 had persistent hyperthermia on 
the operated side. Ten of these cases had evidence of venous 
reflux on the retrograde venogram. Of the remaining 34 
patients, 27 had complete symmetry and seven had a lower 
temperature or a desirable decrease in their hyperthermia on 
the operated side. 

In Our series, thermographic changes observed after em- 
bolization (Fig. 2) or surgical ligation (Figs. 4 and 5) were used 
as objective guides in the evaluation of treatment results. 
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Comparison of Thermography with Other Diagnostic 
Methods 


In addition to spermatic venography, contact sonography, 
Doppler sonography, and scintigraphy can be used in the 
evaluation of varicoceles. 

Sonography can easily image dilated scrotal veins [17]. 
However, thermography provides information regarding the 
effect of a varicocele on fertility [2] whereas sonography 
simply demonstrates its presence. 

Doppler sonography has also been reported to be an 
accurate diagnostic test for varicocele [6], while scintigraphy 
has been reported to have a low accuracy rate in diagnosing 
varicocele [18]. Neither test was performed in this study. 
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MRI of Brain Iron 





A prominently decreased signal intensity in the globus pallidum, reticular substantia 
nigra, red nucleus, and dentate nucleus was routinely noted in 150 consecutive individ- 
uals on T2-weighted images (SE 2000/100) using a high field strength (1.5 T) MR system. 
This MR finding correlated closely with the decreased estimated T2 relaxation times 
and the sites of preferential accumulation of ferric iron using the Perls staining method 
on normal postmortem brains. The decreased signal intensity on T2-weighted images 
thus provides an accurate in vivo map of the normal distribution of brain iron. Perls stain 
and MR studies in normal brain also confirm an intermediate level of iron distribution in 
the striatum, and still lower levels in the cerebral gray and white matter. In the white 
matter, iron concentration is (a) absent in the most posterior portion of the internal 
capsule and optic radiations, (b) higher in the frontal than occipital regions, and (c) 
prominent in the subcortical “U” fibers, particularly in the temporal lobe. There is no iron 
in the brain at birth; it increases progressively with aging. Knowledge of the distribution 
of brain iron should assist in elucidating normal anatomic structures and in understand- 
ing neurodegenerative, demyelinating, and cerebrovascular disorders. 


It has been suggested that magnetic resonance (MR), aside from producing 
exquisite anatomic images, may also provide unique biochemical information about 
brain function. Early attempts at Na-23 and P-31 imaging and spectroscopy have 
been promising but time-consuming. Initial studies of T1 and T2 relaxation times 
using proton MR imaging have proved highly feasible in a reasonable imaging time, 
but they have been disappointing in terms of specificity for lesion differentiation. 
When using a high field strength (1.5 T) MR unit, a consistent finding was apparent 
in every patient studied on a T2-weighted or calculated T2 image. This normal 
finding consisted of decreased signal intensity (decreased T2 relaxation time) in 
specific brain locales, including the globus pallidum, reticular substantia nigra, red 
nucleus, dentate nucleus, and putamen [1]. This paper gives an account of our 
studies to determine the origin of this biochemical effect. 


Materials and Methods 


MR images were reviewed from 150 consecutive brain studies in patients ranging in age 
from 8 years to 76 years. Various pathologies were present in all but 21 patients who had 
normal neurologic and MR examinations. 

All proton-imaging studies were performed on a prototype General Electric MR system 
using a superconducting magnet operating at 1.5 T (15 kG). At least two standard pulse 
sequences were routinely used: (1) a multislice spin-echo pulse sequence with a repetition 
time (TR) of 2000 msec and an echo delay (TE) of 100 msec (SE 2000/100) to obtain T2- 
weighted information, and (2) a multislice spin-echo partial-saturation pulse sequence with a 
TR of 400 msec and a TE of 20 msec (PS 400/20) to obtain T1-weighted information. 

In addition, 13 patients (ages 16 years to 63 years) also had a comprehensive single-slice, 
multiple spin-echo analysis at one or more brain levels using a TR of 1500 or 2000 msec and 
a TE of 25, 50, 75, and 100 msec. These multiple spin-echo data were used to calculate 
images of T2 as well as pseudodensity by performing a linear regression on the logarithms 
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Fig. 1.—Normal brain iron, axial 1.5 T MR. A, SE 2000/100: decreased 
Signal intensity (decreased T2, increased iron) prominently noted in the globus 
pallidum (G) as compared with the putamen (P) and thalamus (T) in this normal 
43-year-old woman. B, PS 400/20: normal appearance at same basal ganglia 
level with expected decreased signal intensity (increased T1) in gray matter 


of the source signal values for each pixel. The negative reciprocal of 
the slope of the fitted line represents T2, while the exponential of the 
intercept represents pseudodensity [2]. Pseudodensity is equivalent 
to the signal that would be measured at a TE of zero. The fitting 
details are described more fully by MacFall [2]. The T2 values from 
normal regions of cortical gray and white matter, basal ganglia nuclei, 
internal capsule, thalamus, and lateral ventricles were then tabulated 
using the average value from operator-selected, specified regions of 
interest from the T2 maps. The regions of interest included 25 pixels 
in order to determine an accurate mean and standard deviation yet 
avoid excessive partial volume averaging. Owing to size constraints, 
the region of interest was limited to 9 pixels in the caudate, putamen, 
globus pallidum, and internal capsule. 

A slice thickness of 5 or 10 mm was routinely used with a 128 
(phase) x 256 (frequency) matrix size for both the single-slice and 
multislice acquisitions. All images were obtained using a single signal 
average (one average = two excitations). It therefore required 8 min 
and 32 sec to acquire a single-slice or multislice group of images with 
a TR of 2000 msec. 

In addition to the MR studies, additional iron-staining experiments 
were performed on 12 other individuals. Formalin-fixed brains from 
normal individuals were washed in tap water for 15 min, rinsed with 
distilled water three times, and then immersed in Perl's solution for 
30 min to determine the topographic distribution of ferric (Fe Il) iron 
in the brain. At the end of 30 min, the staining solution was decanted 
and the specimens washed in running tap water for 5 min followed 
by black and white color photography. The Perls histochemical re- 
action results in a concentration-related blue intensity in areas of 
brain containing ferritin and other ferric compounds to which iron is 
loosely bound [3, 4]. The topographic distribution of iron was then 
Studied in these postmortem brains from 12 neurologically intact 
individuals of the following ages: newborn (2), 1 year, 18 years, 21 
years, 43 years, 44 years, 67 years, 70 years, 74 years, 76 years, 
and 84 years. 


Results 
Image Analysis 


Discrete regions of decreased MR signal intensity on SE 
2000/100 images (decreased T2) were well visualized in the 
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Structures. C, SE 2000/100: decreased signal intensity (decreased T2, in- 
creased iron) in red nucleus (arrowhead) and reticular substantia nigra (arrow) 
in same patient. D, PS 400/20: the red nucleus and substantia nigra are not 
delineated on this T1-weighted inage. 


globus pallidum, red nucl2us, pars reticulata of the substantia 
nigra, dentate nucleus of the cerebellum, and to a lesser 
degree in the putamen of every individual studied (Figs. 1 and 
2). In addition, the signal intensity of the frontal white matter 
was consistently lower tran that of the occipital visual white 
matter pathways. A focal area of mildly increased signal 
intensity was normally seen at the posterior border of the 
posterior limb of the internal capsule (retrolenticular). A sub- 
cortical white-matter ribbon of decreased signal intensity on 
the SE 2000/100 images was consistently seen most promi- 
nently in the temporal lobe on coronal images (Fig. 2). 

The globus pallidum had a slightly higher signal intensity 
than the caudate or putamen on the PS 400/20 msec images. 
The T1 of gray matter is normally higher than that of white 
matter (decreased signal intensity on PS 400/20 image). An 
increase in signal intensity was not seen in the red nucleus. 
substantia nigra, or dentate nucleus on the PS 400/20 im- 
ages. In three individuals in whom SE 6000/20 images were 
obtained, the signal intensity in the globus pallidum was 
always lower than that in the caudate and putamen (Fig. 3), 
denoting a decreased spin density in the pallidum. A de- 
creased signal intensity in the globus pallidum, substantia 
nigra, red nucleus, and dentate nucleus was also routinely 
noted on SE 2000/30 images, though not as prominently as 
on the SE 2000/100 series. 


T2 Relaxation Time Estimations 


The mean T2 relaxation times in 13 subjects estimated 
from 10-mm axial sections passing through the basal ganglia 
are Summarized in Table 1. The lowest T2 value was found 
in the globus pallidum; intermediate T2 values were found in 
the putamen; and the highest T2 values were in the thalamus. 
caudate, cerebral gray, and cerebral white matter. The T2 of 
the occipital white matter was either equal to (4) or greater 
than (7) the frontal white matter in 11 of the 13 studies. 
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Fig. 2.—Normal brain iron, coronal 1.5 T MR. A-C, SE 2000/100 images in normal 48-year-old man clearly delineate regions of decreased signal intensity 
(decreased T2, increased iron) in the globus pallidum (G), putamen (P), red nucleus (arrowhead), reticular substantia nigra (arrow), dentate mucleus (D), and 


subcortical “U” fibers (open arrows). 


Fig. 3.—Normal spin density im- 
age. Spin-density (PS 6000/20) 
weighted image shows the highest 
signal intensity in the putamen as 
fewer white matter tracts course 
through the putamen as compared 
with other basal ganglia nuclei. 


Neuropathologic Localization of Ferric Iron (Perls Stain) 


The ferric iron was apparent as blue staining in a specific 
topographic distribution in all brains except for the two new- 
borns. The brain from the one-year-old subject showed faint 
blue staining of both segments of the globus pallidum, the 
substantia nigra, and the red nucleus, but no staining was 
seen in the dentate nucleus, striatum, or thalamus. In the 
remaining nine brains, there was intense blue staining (in- 
creased ferric iron) in the globus pallidum, red nucleus, pars 
reticulata of substantia nigra, subthalamic nucleus, and den- 
tate nucleus of the cerebellum (Fig. 4). Moderate blue staining 
was noted in the putamen, caudate. Ammon’s horn, and 
thalamus, while only slight staining was seen in the centrum 
semiovale. The optic radiations were consistently unstained, 
and a thin ribbon of moderately intense blue staining coincided 
with the subcortical “U” fibers. With increasing age (e.g., 
brains from the 74-year-old, 76-year-old, and 84-year-old 
Subjects), the blue intensity in the putamen was nearly as 
intense as in the globus pallidum, and the staining in the 





TABLE 1: Estimated T2 Relaxation Time, 13 Patients 


a eS a SS ee a ES SHS FSS SNES O o ĖŘĖ 








wpa ou fk Ratio vs. White 
Cerebral white? 72 eg 57-80 — 
Cerebral gray? 73 2.5 59-79 1.01 
Globus pallidum 60 2 49-70 .83 
Putamen 68 1.3 54-79 94 
Thalamus 73 22 55-94 1.01 


1 T2 estimated from TR 1500 msec; TE 25, 50, 75, and 100 msec single-slice multiple 
spin-echo pulse sequence. 

2 Mean of 6 x 6 pixel region of interest in frontal and occipital white matter of each 
patient 

3 Mean of four regions of interest in cerebral gray matter of each patient 


dentate nucleus of cerebellum was less discrete and spread 
into surrounding tissues (Fig. 5). The regions of decreased 
T2 relaxation time and decreased signal intensity on SE 2000/ 
100 images coincided precisely with the sites of the most 
intense blue staining using the Perls method. 

Tissue blocks from the basal ganglia, midbrain, arc dentate 
nucleus were taken from four cases after sections were 
stained for iron, dehydrated, and embedded in paraffin. These 
sections were then cut and histologic sections stained for iron 
by the Perls method. All sections disclosed positive micro- 
scopic iron staining within the same regions in which ferric 
iron was seen macroscopically (Perls stain). The microscopic 
deposition of iron was within astrocytes, while no iron was 
seen within neurons. 


Discussion 


A decreased signal intensity on SE 2000/100 (T2-weighted) 
images was noted in specific anatomic locales in 150 consec- 
utive patients studied with high field strength (1.5 T) MR 
imaging. This finding, as well as decreased calculated T2 
measurements from 13 patients, correlated precisely with the 
highest concentration of ferric iron as determined by the Perls 
Staining method on 12 normal postmortem brains. An under- 
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Fig. 4.—Perls stain of normal brain (44-year-old man). The greater intensity 
of blueness on the Perls stain represents the highest concentration of ferric 
iron correlating closely with regions of decreased Signal intensity on high field 
MR. A, Globus pallidum (G), putamen (P), caudate (C), internal capsule (I) 





A 


Fig. 5.—Perls stain of brain with normal aging. The greater intensity of 
grayness represents the highest concentration of ferric iron. A, One-year old: 
negligible brain iron. B, 43-year-old: normal distribution of ferric iron with highest 
concentrations in the globus pallidum, red nucleus, substantia nigra, and 


Standing of the normal distribution of brain iron may thus 
prove critical for the interpretation of high field strength MR 
images. 


Brain Iron Distribution 


Certain sites in the brain have a preferential accumulation 
of nonhaemin iron. Hallgren and Sourander [5] studied the 
distribution of iron in 81 normal brains at autopsy. They 
described a progressive increase in iron distribution that 
plateaus in the late teens or twenties with a second, milder 
increase after age 60. The normal sites of iron predilection 
from various pathologic studies [5-8] as well as our own are 


frontal white matter (F), optic radiations, (O), and subcortical “U” fibers (arrow). 
B, Red nucleus (R), substantia nigra (N), and periaqueductal gray matter (P). 
C, Dentate nucleus of the cerebellum (D). 





dentate nucleus and lower concentrations in the putamen, caudate, and sub- 
cortical “U" fibers. C, 84-year-old: the ferric iron concentration in the putamen 
and caudate equals that in the globus pallidum, and the iron in the dentate 
nucleus is no longer discrete. 


in decreasing order of frequency: the globus pallidum (20-25 
mg Fe/100g), red nucleus, zona reticulata of the substantia 
nigra, subthalamic nucleus of Luys, dentate nucleus of cere- 
bellum, and putamen. The caudate and thalamus contain 
lower concentrations of nonhaemin iron. The lowest iron 
concentrations are found in the cerebral and cerebellar hem- 
ispheric white and gray matter. The subcortical “U” fibers 
have a greater iron content than either the cerebral gray or 
white matter [5]. The frontal white matter has a greater iron 
distribution than the occipital white matter with almost no 
ferric iron in the most posterior portion of the posterior limb 
of the internal capsules and optic radiations. 

Our study confirms that there is no detectable ferric iron in 
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the brain at birth, with iron stains first becoming positive at 
approximately 6 months of age in the globus pallidum. This 
is followed by staining in the reticular substantia nigra at 9 to 
12 months, the red nucleus at 18 to 24 months, and the 
dentate nucleus at 3 to 7 years [6-8]. There is a mixture of 
granular and diffuse iron in the brain, and the granular 
iron increases progressively with age. Brain iron is likely 
independentof hemoglobin metabolism and the iron reserves 
of the remainder of the body. For example, the siderosis with 
hemochromatosis only occurs in areas of the brain that do 
not have a blood-brain barrier (e.g., neurohypophysis, pineal, 
area postrema, choroid plexus, infundibulum, subfornical 
body) [6]. 


Iron Metabolic Pathway 


Iron is absorbed via the small bowel and is immediately 
bound to transferrin on entering the bloodstream. Transferrin 
transports iren to body cells but is not assimilated by the cell. 
When iron is incorporated into protoporphyrin IX, it is con- 
verted to heme iron and becomes a component of proteins, 
such as hemoglobin, myoglobin, cytochromes, catalase, and 
peroxidase. Nonhaemin iron attaches to hemosiderin, apofer- 
ritin, and ferritin, and in these forms is considered storage 
iron. Ferritin is derived from apoferritin when micellar iron 
enters the core of the molecule. Apoferritin is synthesized 
intracellularly by free and bound ribosomes, and its formation 
may be stimulated by the presence of iron. The amount of 
ferritin produced is dependent on the amount of iron available. 
Ferritin has a molecular weight of 480,000 with a crystalline 
ferricoxyhydroxide core containing 4000 ferric iron molecules 
in a high-spin state (S = 5/2), a protein shell, and recognition 
at electron microscopy as quadruplicate granules with a 
dense central core [6]. Ferritin does not cross the blood-brain 
barrier. 

Monclonal antibodies against rat and human transferrin 
receptors label the luminal surface of brain capillary endothe- 
lial cells but not capillaries in the remainder of the body [9]. 
These receptors may allow the transport of transferrin, and 
thus iron, into the brain from the circulating blood. It is of 
interest that the greatest transferrin receptor density is not in 
regions of brain with the highest iron concentration but rather 
in areas that have their dominant projections to iron-rich 
locales [10]. This suggests that an axonal transport of iron 
may be made to regions of the brain requiring iron for specific 
metabolic activities. Hill et al. [10] have proposed that trans- 
ferrin receptors are in the neuropil in molecular layers of 
laminated brain regions, at which sites iron transferrin is 
internalized by neuronal dendrites, transported along axons, 
and subsequently released and stored in oligodendrocytes. 

Histochemical examinations by Diezel [7] revealed that a 
large part of the finely granular brain iron is present as ferritin, 
the most readily mobilizable form of storage iron. Hallgren 
and Sourander [5] found that the mitochondria and micro- 
somes contain approximately half of the nonhaemin iron in 
the brain. Microscopically, fine granular deposits of iron are 
seen predominantly in glial cells and oligodendrocytes [4, 5], 
but they may also be seen in neurons, the neuropil, and inner 
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and outer loops of myelin sheaths. The hgh iron content, 
solubility characteristics, typical electron microscopic appear- 
ance, electrophoretic mobility, stability to heat, and prominent 
staining with Perls histochemical reaction for ferric iron make 
it highly likely that the soluble iron-containing protein in the 
brain is predominantly ferritin [4-7, 11-13]. 

In addition to ferritin, brain iron is presert in other forms. 
Iron enzymes play an important role in oxidétive reactions [4, 
6, 13-17]. For example, the enzyme DPNH-cytochrome- 
C-reductase has a high iron content. Iron and lactoflavin 
content of the brain are generally paralle except for low 
lactoflavin in the globus pallidum [6]. This suggests that iron- 
containing flavoproteins (DPNH dehydrogenase, succinic acid 
dehydrogenase) may play an important role in cellular respi- 
ration. The increased concentration of nonheme iron in the 
brain mitochondria and microsomes with aging suggests that 
this may reflect an alteration in enzyme systems of the cell 
(e.g., electron transport system of the mitochondria) [5, 18]. 
Biopsies of the VL nucleus of the thalamus from Parkinsonian 
patients have demonstrated iron impregnation of mitochon- 
dria that have been theorized to interfere with the electron 
transfer system and thereby the BBB leading to progressive 
accumulation of iron [19]. 


Brain Iron and Neurotransmitters 


lron may also play an important role in neurotransmitter 
metabolism [14-16]. Iron is a required cofactor for the mono- 
amine synthetic and degradative enzymes tyrosine hydroxyl- 
ase, tryptophan hydroxylase, and aldehyde oxidase; and it 
plays an important role in the maintenance of monoamine 
oxidase levels [17]. lron is also involved in serotonin and 
dopamine receptor function [17]. Some cf the neurologic 
symptomatology (e.g., poor attentiveness and control) asso- 
ciated with chronic iron deficiency anemia, especially in chil- 
dren, has been attributed to abnormal functioning of the 
dopamine system [14, 17, 20-22]. 

Hill and Switzer [4], using a Perls histochemical reaction 
for ferric iron intensified with diaminobenzidine, found a similar 
normal preferential distribution of brain iron in the globus 
pallidum, reticular zone of substantia nigra, interpeduncular 
nucleus, and dentate nucleus in rats. Of interest is that areas 
of highest monoamine concentration (e.g, caudate, zona 
compacta of substantia nigra) have only low to moderate iron 
concentrations. The globus pallidum and rezicular substantia 
nigra (high iron locations) are efferent motor nuclei with high 
concentrations of gamma-aminobutyric acid (GABA) [23]. 
These similarities of iron and GABA distribution suggest that 
iron may play a role in GABA metabolism [4]. Hill [24] has 
recently reported a significant reduction in iron concentration 
in the homolateral ventral pallidum, globus pallidum, and 
substantia nigra 2 days after injecting gamma-vinyl GABA 
(enzyme-activated inhibitor of GABA transeminase) into the 
striatum/globus pallidum region. Glutamine binding is a pre- 
cursor for GABA metabolism [25]. Iron is also a requirement 
for succinic dehydrogenase, the enzyme through which 
the product of the GABA shunt re-enters the citric acid cycle 
[26]. 

Metalloenzymes are also involved in th2 metabolism of 
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neuroactive peptides [27]. Enkephalin is abundant in high- 
iron-concentration sites (ventral pallidum, globus pallidum, 
interpeduncular nucleus) in the rat. However, many sites of 
lower iron concentration also have abundant enkephalin 
[28]. These anatomic similarities between GABA, enkephalin, 
and iron distribution in specific brain locales suggest that iron 
may be associated with neurotransmitter or neuroactive pep- 
tide metabolism, and that the gradual increase of iron with 
age may relate to storage of metabolic products with iron. 


lron and Aging Brain 


lron may play an important role in the normal aging process. 
Dismutation of O2 leads to production of hydrogen peroxide 
(H202), which readily crosses cell membranes [29]. When 
H202 comes in contact with ferrous (Il) iron, highly reactive 
hydroxyl radicals and ferric (Ill) iron are produced. Low-molec- 
ular-weight iron complexes (e.g., iron-citrate, iron-ATP), rather 
than storage iron (ferritin), are the major catalysts of this 
reaction [29]. Hydroxyl radicals initiate lipid peroxidation, 
which causes a loss of membrane permeability to calcium 
with its associated cellular toxicity. This series of reactions 
may be prevented by removing metal ions, e.g., iron chelation 
with desferrioxamine, which binds ferric salts in a form that 
cannot be reduced by superoxides [30]. 


lron and Brain Disorders 


There is strong neuropathologic evidence that various de- 
generative disorders involving the central nervous system are 
associated with an increase in brain-iron deposition. The 
disorder in which increased iron is most firmly established is 
neuroaxonal dystrophy or Hallervorden-Spatz disease [6]. 
There is extensive iron deposition in the globus pallidum and 
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Fig. 6.—Perls stain and MR of normal brain. A, 
Perls stain shows absence of blue staining (i.e., 
ferric iron) in the posterior section of the posterior 
limb of the internal capsule (arrow). B, SE 2000/ 
100 image from normal patient showing a normal 
increased signal intensity in the posterior portion of 
the posterior limb of the internal capsule due to 
absence of ferritin. 


reticular zone of the substantia nigra that is far in excess of 
that seen in these normally high-iron locations. In addition, 
iron may catalyze pseudoperoxidation of lipofuscin into neu- 
romelanin, which is largely responsible for the pigmentary 
accumulations in Hallervorden-Spatz [31, 32]. 

Many other disorders of the central nervous system have 
been associated with an excessive deposition of iron in spe- 
cific brain locales. Excessive iron deposition has been re- 
ported in Huntington's disease [33] (caudate, putamen), Par- 
kinson’s disease and multisystem atrophy variants [19, 34- 
36] (putamen, globus pallidum), Alzheimer’s disease [18] 
(cerebral cortex), multiple sclerosis [37] (adjacent to plaques), 
radiation effects [6] (vascular endothelium), chronic hemor- 
rhagic cerebral infarction [6] (ferrugination), and intracerebral 
hematoma periphery [6] (macrophage-laden ferritin and he- 
mosiderin accumulation occurs within 24 hr). The ability to 
precisely map the distribution of iron in the brain in vivo may 
therefore provide important new insights into the diagnosis 
and pathophysiology of the brain damage that occurs in 
association with neurodegenerative, demyelinating, and vas- 
cular disorders. 

An understanding of the normal brain-iron distribution may 
also help interpret high field strength T2-weighted MR im- 
ages—even in diseases that are not associated with abnormal 
iron deposition—by highlighting normal anatomic landmarks. 
The absence of iron in the most posterior portion of the 
posterior limb of the internal capsule and optic radiations 
explains the relatively increased signal intensity often seen in 
this location on long TR and TE (e.g., SE 2000/100 msec) 
pulse sequences (Fig. 6). The frontal white matter has a lower 
Signal intensity than the occipital white matter because of 
higher iron concentration. On coronal SE 2000/100 images, 
the temporal-lobe white matter has a lower signal intensity 
than the frontal or parietal white matter because of partial 
volume effects from the closer proximity of iron-containing 
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subcortical “U” fibers in the temporal lobe. The characteriza- 
tion of vasogenic edema or demyelinating disorders as involv- 
ing only white matter is simplified owing to sparing of the 
decreasec-signal-intensity, iron-containing, basal ganglia nu- 
clei. 


Iron and T2 Relaxivity 


The question arises as to whether the prominent decrease 
in T2 in the described locations on high field strength imaging 
is definitely related to iron accumulation. Calcium may in- 
crease with age in the globus pallidum and dentate nucleus, 
but it does not accumulate in significant quantities in the red 
nucleus or substantia nigra. The structures that have de- 
creased signal intensity on the T2-weighted images have an 
intensity comparable to cerebral gray matter on non-T2- 
weighted images. Melanin has only a mild effect on T1 relax- 
ivity and asdifferent topographic distribution. Lipofuscin has a 
similar anatomic localization, but will not significantly and 
specifically affect T2 relaxivity. Iron is the only trace metal in 
the brain that can prominently and preferentially decrease the 
T2 relaxation time and localize in precisely the topographic 
basal ganglia regions seen on the high field strength MR 
images. 

The marked dominance of the T2 effect is fully in keeping 
with the presence of ferric iron in the brain. Stark et al. [38] 
reported a similar T2 relaxivity dominance with hepatic iron 
overload. The decreased T2 in the absence of decreased T1 
is a consequence of increased localized ferritin in the de- 
scribed basal ganglia regions. The crystalline ferricoxyhydrox- 
ide core of ferritin has up to 4000 ferric ions per molecule and 
is encaseeé by an approximately 25-angstrom protein shell. 
Theories of outersphere relaxation would suggest no signifi- 
cant alteration in the T1 or T2 relaxation time using proton 
MR. However, intracellular iron causes slow statistical fluc- 
tuations in the magnetization of each ferritin core giving rise 
to local magnetic field gradients and inhomogeneities [39- 
42|. Water molecules diffusing in the region of the ferritin 
molecule will experience a relatively static magnetic field 
resulting in line broadening on the proton chemical shift spec- 
tra, a significant decrease in the transverse relaxation (T2) 
without affecting the longitudinal relaxation (T1), and a result- 
ing decrease in signal intensity on an SE 2000/100 msec (T2- 
weighted) image. In essence, the protons in an area of the 
brain with a high ferritin content (e.g., globus pallidum) en- 
counter a local, static magnetic field (heterogeneity in mag- 
netic susceptibility) that is larger than anticipated, and the 
resulting 12 is therefore less. This statistical fluctuation is 
proportional to the square of the magnetic field strength, 
which expiains the difficulty in visualizing normal concentra- 
tions of brain iron at lower field strengths. 

By monitoring the decreased signal intensity on T2- 
weighted images in specific brain locales (e.g., globus palli- 
dum, red nucleus, reticular substantia nigra, dentate nucleus) 
and by understanding the large, slow statistical variations in 
the magnetization of the ferritin core resulting in a large, 
relatively static local magnetic field, routine MR imaging can 
be used to create a map of brain ferric iron distribution in a 
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living subject. This new, in vivo, biochemical application of 
proton MR should facilitate new, dynamic insights into the 
normal selectivity of iron for preferential sites in the brain and 
also provide a new tool to assist in the diagnosis and under- 
standing of many disorders involving the central nervous 
system [43]. 
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Organized Intracerebral 
Hematoma with Acute 
Hemorrhage: CT Patterns and 
Pathologic Correlations 





Five cases of pathologically proven organized intracerebral hematoma with recent 
hemorrhage are reported. The hemorrhages were spontaneous, were located in deep 
structures of the brain, and presented without a clinical history of hypertension or 
trauma. No underlying causes of the hematomas were identified histologically. Various 
computed tomographic (CT) patterns of recurrent hemorrhage in an organized hematoma 
were observed. A hyperdense, well demarcated mass with minimal contrast enhance- 
ment but no surrounding edema was observed when rehemorrhage was confined within 
a late-organizing hematoma. A “target” sign of a ring-enhancing mass was observed 
when the new hemorrhage developed within an early-organizing hematoma. When a 
new hemorrhage occurred outside a solid-enhancing organized hematoma, the CT 
appearance suggested a possible tumoral hemorrhage. Close clinical and CT follow-up 
is desirable for initial management of a suspicious rehemorrhaging organized hematoma 
situated in the deep-seated or superficial sensitive structures if the symptomatology 
has stabilized or improved. Tissue diagnosis and surgical evacuation are indicated 
when the clinical course fluctuates or progresses and CT demonstrates an interval 
increase of lesion. 


Intracerebral hemorrhage frequently presents clinically as an acute devastating 
event with severe neurologic deficit that usually leads to immediate and proper 
medical attention. On some occasions, small hemorrhages may recur sponta- 
neously at the same site resulting in a perplexing computed tomographic (CT) 
appearance and clinical course. Frequently, these small recurrent hematomas are 
located in deep-seated and vital structures such as the basal ganglia, thalamus, 
and brainstem, where improper treatment under a presumptive diagnosis without 
tissue pathology may lead to severe sequelae. In this communication, we present 
the clinical courses and sequential CT scans of five deep-seated organized hema- 
tomas with recent hemorrhage and describe their various CT patterns. 


Case Report 
Case 1 


A 12-year-old boy first presented in December 1980 with a sudden onset of nausea, 
vomiting, diplopia, right facial palsy, and right gaze paralysis. There was no history of head 
trauma or hypertension. CT of the brain 2 days after the episode revealed a small, well 
marginated, hyperdense lesion in the right posterior brainstem with minimal contrast enhance- 
ment but no surrounding edema (Fig. 1A). With the presumed diagnosis of a brainstem 
glioma, he was referred to our institute for possible radiotherapy. Vertebral arterography 
revealed no abnormality. A suboccipital craniotomy revealed a bluish intrinsic mass in the 
brainstem, projecting into the floor of the fourth ventricle. Upon entering the lesion, a small 
amount of dark bloody fluid was aspirated, and a few blood clots were removed. Examination 
of the tissue revealed fresh and organized hematomas without evidence of vascular malfor- 
mation or neoplasia. Postoperatively, he recovered uneventfully with complete resolution of 
the neurologic deficits within 3 months. pen 
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Fig. 1.—Case 1. A, Unenhanced CT scan 2 days after episode. Small well 
demarcated hyperdense mass in posterior brainstem, near slightly deformed 
floor of fourth ventricle, with small central hypodensity (arrow). Craniotomy 
revealed organized hematoma with recent hemorrhage. Pre- (B) and post- (C) 
enhancement CT scans 1 week after next episode 2 years later. Again, a small 
hyperdense mass with minimal contrast enhancement is seen in operative site. 
Note absence of surrounding edema. Pre- (D) and post- (E) enhancement CT 


In July 1982 he experienced a similar episode. A CT scan 1 week 
later again showed a hyperdense, mildly enhancing lesion at the 
original site (Figs. 1B and 1C). No surrounding edema or significant 
mass effect was associated. His neurologic signs and symptoms 
resolved in 3 weeks without treatment. 

In January 1985 he experienced a sudden onset of confusion, 
disorientation, slurring of speech, and a right facial weakness that 
partially resolved over the next 3 days without treatment. A CT scan 
1 week after this episode revealed findings similar to the previous 
two studies (Figs. 1D and 1E). Angiography again was unremarkable. 
Via a suboccipital craniotomy, aspiration of a few blood clots and 
partial resection of an organized hematoma were performed. The 
pathologic examination again revealed organized hematoma with a 
superimposed more recent hemorrhage (Fig. 1F). The postoperative 
course was uncomplicated, with complete resolution of symptoms in 
1 month. 


Case 2 


A 36-year-old man was referred to our institute for evaluation of a 
right basal ganglion mass in early March 1983. His history was 
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scans 1 week after most recent episode and 4+ years after initial episode. 
Larger hyperdense enhancing mass recurred at same location, without sur- 
rounding edema. F, Organized hematoma with superimposed more recent 
hemorrhage. Well established fibrous tissue bands (F). Abundant granular 
hemosiderin pigments within macrophages and free in extracellular tissue 
(arrows), features of capsule stage, on right. Intact and degenerating erythro- 
cytes representing acute and early subacute stages are identified on left. 


remarkable for a grand ma seizure 10 years previously. Cerebral 
arteriography at that time was normal. He had remained seizure-free 
on Dilantin therapy. Two years before admission he experienced a 
severe bifrontal headache, but CT and cerebral arteriography were 
negative. During the 2 months before admission he experienced 
several episodes of severe bifrontal headache associated with de- 
creased coordination on the left side and clumsiness in walking. 
There was no history of hypertension or head trauma. A CT scan 
demonstrated a mass in the right basal ganglia. He was referred to 
our institution for a possible stereotaxic needle biopsy to rule out a 
deep-seated glioma. 

Physical examination revealed a left hemiparesis with a left circum- 
ducting gait disturbance. The blood pressure was normal. An unen- 
hanced CT scan showed a sharply marginated hyperdense round 
mass in the right basal ganglia associated with a more laterally located 
fresh hematoma and surrounding edema (Fig. 2A). The biopsy was 
postponed, and cerebral arteriography revealed only an avascular 
mass effect in the right basal ganglia without demonstration of an 
arteriovenous malformation, aneurysm, or other vascular anomaly. A 
postangiogram CT scan showed neterogeneous enhancement of the 
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Fig. 2.—Case 2. A, Unenhanced CT scan 2 months after episode. Sharply 
demarcated hyperdense round mass in right basal ganglia and more laterally 
located fresh hematoma with hemoglobulin-layering phenomenon. Surrounding 
edema. B, Postangiography contrast-enhanced CT scan 1 day later. Hetero- 
geneous contrast enhancement of medially located hyperdense lesion with 
central hypodensities (arrow). Laterally located fresh hematoma does not 
enhance. C, Contrast-enhanced CT scan 3v2 months after initial episode. 
Nodular pattern of medial hyperdense mass has changed into “target” pattern, 


medial hyperdense mass with central hypodensities (Fig. 2B). Steroid 
therapy for the associated edema was begun, and he was discharged 
with some improvement of neurologic deficits. 

In mid-April 1983 his symptoms worsened, and CT showed a new 
“target” appearance of the enhancing hyperdense mass and typical 
ring enhancement around the associated hematoma (Fig. 2C). Cere- 
bral arteriography again showed no vascular abnormality except for 
a minima! avascular mass effect in the right basal ganglia. Because 
of the fluctuating clinical course, it was elected to perform an explor- 


with classical ring enhancement of lateral resolving hematoma. No surrounding 
edema is associated. D, Section from edge of medial lesion. Well established 
collagen bands (C). Adjacent gliotic brain comprises granular hemosiderin 
pigment (arrows) and reactive astrocytes (arrowheads). Extensive acute hem- 
orrhage with intact erythrocytes on right within fibrous capsule of organized 
hematoma. E, Contrast-enhanced CT scan 1 year after surgical evacuation. 
Calcium deposit in resolved hematoma (arrow) is identified with postoperative 
hypodensity. Patient was asymptomatic. 


atory operation to rule out possible tumoral hemorrhage. A frontotem- 
poral craniotomy was carried out and the lesion was exposed through 
splitting of the right sylvian fissure. The laterally located hematoma 
was first encountered and evacuated followed by a partial resection 
of the deeper mass. Examination of the deeper lesion revealed a 
chronic organized hematoma and superimposing recent hemorrhage, 
without evidence of vascular malformation or neoplasia (Fig. 2D). The 
cultures for microorganisms were negative. The postoperative course 
was uneventful and his symptoms improved steadily. He was asymp- 
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Fig. 3.—Case 3. Pre- (A) and post- (B and C) enhancement CT scans. Oval- 
shaped hyperdense mass lesion in left superior thalamus with heterogeneous 
contrast enhancement and small eccentric hypodensity (arrow). No surrounding 
edema is associated. Patient was asymptomatic. D and E, Contrast-enhanced 
study 2 weeks after episode and 2 months after initial CT study, before 


tomatic on the last follow-up 1 year after surgery, with CT showing 
calcium deposits in the resolved hematoma (Fig. 2E). 


Case 3 


A 29-year-old man presented in April 1983 with a 5-month history 
of temporal lobe seizures. Thirteen years before admission, he had a 
resection of an esthesioneuroblastoma from the left maxillary antrum 
and ethmoid and sphenoid sinuses, followed by radiotherapy with 
6000 rad (60 Gy) in 6 weeks. Subsequently he had the left eye 
enucleated due to a radiation complication, but remained tumor-free. 
An admission CT scan of the brain revealed a poorly defined hypo- 
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stereotaxic needle biopsy. Interval enlargement of mass lesion with partial rim 
enhancement and minimal surrounding edema. Small hypodensities are within 
mass medially. F, Follow-up contrast-enhanced CT scan 14 months after 
biopsy. Persistent but smaller resolved hematoma with calcium deposits (ar- 
row). Patient was asymptomatic. 


dense calcified lesion with moderate heterogeneous contrast en- 
hancement in the left inferior temporal lobe, consistent with radiation 
damage. In addition, an unexpected round, hyperdense mass, without 
edema or calcification, was seen in the left superior thalamus imping- 
ing on the third ventricle; heterogeneous contrast enhancement of 
this lesion was observed with a small central hypodensity (Figs. 3A- 
3C). Cerebral angiography, neurologic examination, and electroen- 
cephalography were all unremarkable. He denied a history of head 
trauma or hypertension. He remained asymptomatic, with seizures 
controlled for 2 months. In mid-June 1983 he suddenly experienced 
numbness of the right lower jaw as well as incoordination of the right 
extremities. Over the next 2 weeks the symptoms diminished and 
eventually resolved. A contrast-enhanced CT scan 2 weeks after this 
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Fig. 4—Case 4. Pre- (A) and post- (B) enhancement CT scans. “Target’- 
appearing hyperdense mass in right basal ganglia with contrast enhancement. 
No surrounding edema. C, Unenhanced CT scan 1 year later. “Target” CT 


acute episode revealed a significant enlargement of the left thalamic 
lesion, which remained heterogeneously enhanced and demonstrated 
new rim enhancement in its upper lateral portion and minimal sur- 
rounding edema (Figs. 3D and 3E). 

Stereotaxic needle biopsy for possible tumor hemorrhage was 
carried out and yielded several milliliters of old hemorrhagic fluid. 
Pathology revealed an old organized hematoma with evidence of 
recent hemorrhage. The cultures were negative for microorganisms. 
The postoperative course was uneventful. The last follow-up in 
August 1984 revealed the patient to be asymptomatic, and a CT 
scan showed calcium deposits in the left thalamic resolved hematoma 
(Fig. 3F). 


Case 4 


A 30-year-old woman suddenly developed clumsiness of the left 
hand and weakness of the left leg while running in February 1984. 
She had a long history of nonspecific headache, but denied experi- 
encing headache while the episode was developing. There was no 
history of head trauma or hypertension. The symptoms progressed 
and a CT scan of the brain 1 week after the episode revealed a 
discrete, noncalcified, “target’-appearing hyperdense mass lesion in 
the right basal ganglia with minimal contrast enhancement (Figs. 4A 
and 4B). Minimal mass effect was noted without surrounding edema. 
In the next 2 weeks, the weakness of both left extremities progressed 
slowly and the patient began experiencing numbness of the left side 
of the face. She was transferred to our institute for a stereotaxic 
needle biopsy in March 1984. 

Physical examination on admission was unremarkable except for 
a dense left hemiparesis with increased reflexes. A repeat unen- 
hanced CT scan revealed no interval change in the lesion. Due to 
progression of symptoms and the possibility of tumoral hemorrhage, 
a stereotaxic needle biopsy was performed. On entering the lesion, 
3 ml of dark, brownish semiliquid material was aspirated. Pathologic 
examination of the biopsy revealed an organized hematoma and 


pattern is replaced by nodular pattern and margin has become slightly irregular. 
There are small eccentric hypodensities (arrow). Patient was asymptomatic. 


superimposed more recent hemorrhage. Cultures for microorganisms 
were negative. Postoperatively her symptoms persisted due to re- 
hemorrhage into the hematoma cavity. These resolved gradually, and 
she was asymptomatic 4 months later. On a follow-up CT scan in 
January 1985 the lesion remained hyperdense amd sharply demar- 
cated, but had become somewhat irregular with small central hypo- 
densities (Fig. 4C). 


Case 5 


A 43-year-old man presented in January 19€5 with a 2-week 
duration of generalized headache and numbness and clumsiness of 
the right side of his body. He had experienced a similar episode of 
less severity 4 years before that had resolved spontaneously after 4 
months. There was no history of head trauma or hypertension. A CT 
scan of his brain 2 days after the onset of symptams showed a well 
defined, round, hyperdense lesion with minimal contrast enhancement 
in the brainstem near the left quadrigeminal cistern (Figs. 5A and 5B). 
The lesion had no definite surrounding edema and had only minimal 
mass effect. Cerebral angiography on the same day was unremark- 
able. With an impression of a possible tentorial meningioma, he was 
placed on steroid therapy, which partially relieved his symptoms, and 
was referred to our institute for further management. 

Physical examination on admission revealed mitd weakness of his 
right extremities with hypesthesia and slightly imcreased reflexes. 
Right dysmetria was detected with a difficulty in performing tandem 
gait. A repeat CT scan about 2 weeks after the initial symptoms 
showed the lesion had become less well defined with small central 
hypodensities (Figs. 5C and 5D). Again, no surrounding edema or 
severe mass effect was seen, and there was only minimal contrast 
enhancement of the lesion. A left subtemporal craniotomy with a 
transtentorial approach revealed brownish discoloration of the brain- 
stem at the level of the pontomesencephalic tegmentum. After aspi- 
ration of 1-2 ml of dark, brownish liquid material, a cystic mass was 
identified and multiple samplings of its wall were obtained for biopsy. 
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The pathologic examination revealed foci of recent hemorrhage in an 
old organized hematoma, without definite evidence of vascular mal- 
formation or neoplasia. The postoperative course was uneventful, 
with significant improvement of symptoms. Two months after surgery 
he was asymptomatic, and CT showed a small residual hyperdense 
hematoma (Fig. 5E). 


Discussion 


Spontaneous intracerebral hemorrhage occurs most often 
in the basal ganglia and thalamus with an incidence of 43%- 
53% [1, 2]. Microaneurysmal rupture associated with hyper- 
tension is thought to be the most common underlying etiology 
[3]. Occasionally metastatic neoplasm, vascular malforma- 
tion, or blood dyscrasia is responsible. Sometimes, however, 
an underlying cause cannot be identified, particularly in the 
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Fig. 5.—Case 5. Pre- (A) and post- (B) enhance- 
men: CT scans 2 days after episode. Solid hyper- 
dense mass in posterior brainstem, with minimal 
cont-ast enhancement. Absence of surrounding 
edema. Pre- (C) and post- (D) enhancement CT 
scans 2 weeks after episode. Eccentric hypoden- 
sities within hyperdense mass lesion cannot be 
isolated from tentorial notch. No associated edema. 
E, Lnenhanced CT scan 2 months after partial 
surgcal evacuation. Only minimal residual hyper- 
dense hematoma remains (arrow), without mass 
effect or surrounding edema. Patient was symptom- 
free. 





limited surgical specimen from the sensitive structures. Ex- 
cept for case 5, we could not exclude the possibility of a 
bleeding source, such as a cryptic AVM or cavernous heman- 
gioma, in the periphery or wall of the hematomas in the other 
four cases. Spontaneous hemorrhage usually presents as an 
acute devastating clinical event that leads to immediate med- 
ical attention. On some occasions, the hematoma is small, 
and the symptomatology produced is so subtle that it may be 
ignored by the clinician or even the patient himself. However, 
in most cases surrounding edema in the subacute stage of a 
resolving hematoma may be severe enough to elicit medical 
attention. 

Ring enhancement of tre resolving hematoma on CT has 
been well recognized and does not create much diagnostic 
difficulty [4-7]; however, if episodes of small hemorrhage 
recur at the same location where the original hematoma has 
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evolved into the stage of organization, the CT appearance 
becomes perplexing and may lead to a delay in diagnosis. 
Furthermore, the most common sites of hemorrhage—basal 
ganglia, thalamus, and brainstem—are difficult to explore 
surgically. Recurrent hematomas in these locations may be- 
come a diagnostic dilemma, particularly when the clinical 
course fluctuates or progresses, and without a tissue diag- 
nosis they may be treated inappropriately as a growing neo- 
plasm. 

The evolution of intracerebral hemorrhage using a canine 
model was thoroughly investigated by Enzmann et al. [8]. 
They categorized the evolution of intracerebral hemorrhage 
into four stages: acute (days 1-3), subacute (days 4-8), 
capsule (days 9-13), and organization (days 13 and after). 
Pathologically, the acute stage exhibits intact red blood cells 
in the hematoma, with progressive crenation. There may be 
mild perivascular inflammatory reaction consisting mostly of 
lymphocytes and a narrow zone of neuron death, and white- 
matter edema surrounds the hematoma. In the subacute 
stage, the red blood cells become ghostlike and hemosiderin- 
laden macrophages appear. Inflammation peaks with the 
appearance of foamy macrophages and fibroblasts peripher- 
ally, and reactive astrocytes become apparent in the sur- 
rounding brain. During the capsule stage, macrophages and 
fibroblasts increase, and vascular proliferation begins to en- 
croach on the hematoma from the periphery. Concurrently, 
inflammation regresses and reactive astrocytosis becomes 
pronounced. The final stage, organization, involves the for- 
mation of a dense collagenous capsule at the edge of the 
hematoma. Macrophages are densely filled with hemosiderin, 
and less well organized collagen proliferates in the center of 
the hematoma. 

The sequence of CT changes is closely correlated with 
neuropathologic findings [8]. Ring enhancement on CT cor- 
relates closely with the perivascular inflammatory reaction 
(cerebritis) in the brain tissue surrounding the acellular he- 
matoma and first appears in the subacute stage. When the 
hematoma evolves into the capsule and early organization 
stages, the ring enhancement becomes more intense and less 
smooth, while its diameter decreases; clusters of neovascular 
proliferation in the capsular wall now replaces cerebritis as 
the responsible factor for contrast enhancement on CT. Even- 
tually, the enhancement of hematoma changes from a ring 
into a solid nodular pattern when a vascularized collagenous 
matrix completely replaces the acellular hematoma in the late 
organization stage. 

Acute ICH is clearly recognized on the preenhancement CT 
scan as a well marginated hyperdense mass. Ring enhance- 
ment of a resolving hematoma may be confusing when seen 
for the first time. Close clinical correlation and short-term CT 
follow-up usually will suggest the diagnosis and lead to a 
proper management. The CT pattern of a resolving hematoma 
in the late organization stage, however, has not been empha- 
sized in the literature and is less well recognized clinically. 
The inward filling of the acellular hematoma by a vascularized 
matrix not only obliterates the more familiar ring enhancement 
but also creates a hyperdensity on the noncontrast scan 
(Figs. 4C and 5E). The nodular enhancement of a hematoma 
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at this stage may mimic a neoplasm. The central relative 
hypodensity, as demonstrated in all five of our cases, most 
likely represents the residual acellular porton and may be 
misinterpreted as necrosis. No surrounding 2dema is associ- 
ated. Minute dystrophic calcifications sometimes.can be found 
in the chronic organized hematoma (Figs. 2E and 3F). When 
located near the tentorium the lesion may be mistaken for a 
meningioma (Figs. 5C and 5D), despite avascularity on arte- 
riography. 

The CT appearance becomes more confusing if new hem- 
orrhage develops. When the new blood clot ts confined within 
a late-organizing hematoma, which is now filled witn a vas- 
cularized matrix, the entire lesion may appear as a hyper- 
dense, well marginated mass with minimal homogeneous 
enhancement and no surrounding edema, as seen in cases 1 
and 5 (Figs. 1D, 1E, 5A, and 5B). If the same process occurs 
in the acellular center of an early-organizing hematoma, a 
“target” appearance may be observed as cases 2 and 4 
demonstrate (Figs. 2C, 4A, and 4B). A further perplexing CT 
appearance will exist when the new hemcrrhage develops 
outside the old hematoma. The increased symptoms due to 
the new hematoma and its associated edema, along with 
nodular enhancement of the organized hematoma on CT, will 
strongly suggest a tumoral hemorrhage, as in cases 2 and 3 
(Figs. 2A and 3D). 

All five patients (six hematoma evacuatior s) in our presen- 
tation showed pathologic evidence of a hematoma in the 
stage of late organization, with abundant or scattered hemo- 
siderin-laden macrophages, reactive gliosis, and collagenous 
capsule formation. In addition, there was histologic evidence 
of a more recent hemorrhage in each patient. One patient 
(case 1) had sheets of intact erythrocytes with some interven- 
ing fibrin and early fibroblast proliferation in both hematoma 
evacuations, indicating the early subacute stage of resolution. 
Two other patients (cases 3 and 4) were in the subacute 
stage and exhibited perivascular inflammation with mononu- 
clear cells or small flecks of hemosiderin and red-blood-cell 
degeneration. The other two patients (cases 2 and 5) dem- 
onstrated findings of the capsule stage of hematoma with 
foamy macrophages and proliferating small vessels. 

Awareness of the possible CT patterns is essential for the 
proper management of a suspected rehemorrmaging orga- 
nized hematoma. Angiography should be performed to ex- 
clude a possible underlying vascular malformation and avoid 
unnecessary invasive procedures. Surgical resection is the 
treatment of choice in most cases. However, we believe close 
clinical and CT follow-up should be the initia management of 
the clinically stabilized lesions, which are deep-seated or in 
important superficial structures such as the motor or sensory 
cortex. Any surgical manipulation, even a stereotaxic needle 
biopsy, is risky in these sensitive structures. Obtaining a 
tissue diagnosis, nevertheless, may become mandatory when 
the clinic course fluctuates or progresses, and CT demon- 
strates an interval increase in the size of lesion. Precise needle 
biopsy using stereotaxic CT guidance [9, 10] or surgical 
resection with intraoperative sonographic assistance is rec- 
ommended [11]. Collection of specimens at multiple sites is 
mandatory to rule out a hemorrhagic tumor or cryptic vascular 
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malformation. Aspiration through the biopsy needle may fur- 
ther provide therapeutic benefit for the resolution of the 
hematoma. 
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MRI of Radiation Injury 
to the Brain 





Nine patients with a history of radiation of 2400-6000 rad (24-60 Gy) to the brain 
were examined by magnetic resonance imaging (MRI) and computed tomography (CT). 
MRI demonstrated abnormalities in the periventricular white matter in all patients. The 
abnormal periventricular signal was characterized by a long T2 and was demonstrated 
best on coronal spin-echo (SE) 1000/80 images. A characteristic scalloped appearance 
at the junction of the gray-white matter was seen on MR images of seven patients, and 
represented extensive white-matter damage involving the more peripheral arcuate fiber 
systems. This differs from transependymal absorption, which is seen best on SE 3000/ 
80 images and has a smooth peripheral margin. Cranial CT demonstrated white-matter 
lucencies in six cases but generally failed to display the extent of white-matter injury 
demonstrated by MRI. MRI is uniquely suited to detect radiation injury to the brain 
because of its extreme sensitivity to white-matter edema. 


Recent reports show increased awareness and detection of intracranial radione- 
crosis after radiation therapy to a primary or secondary malignancy [1-3]. Never- 
theless, the incidence of this complication of radiotherapy remains surprisingly low 
considering the inevitable exposure of normal brain tissue to the radiation beam. 

Cranial computed tomography (CT) is currently the procedure of choice in 
detecting postradiation complications; however, magnetic resonance imaging (MRI) 
shows greater sensitivity in the detection of white-matter disease [4]. We report a 
comparison of concurrent MRI and CT findings in nine patients previously treated 
with 2400-6000 rad (24-60 Gy) total radiation. 


Materials and Methods 


A retrospective review of the medical records and neuroradiologic studies in nine patients 
with a history of radiation therapy to the brain was performed. All patients received whole- 
brain irradiation. Subjects included seven males and two females with an age range of 11- 
70 years. Clinical histories and radiologic findings are summarized in Table 1. The diagnosis 
was pathologically proven only in case 2. All patients had symptoms varying in severity from 
lethargy and confusion to seizures and ataxia. All but one patient received cnemotherapy in 
addition to cranial irradiation (Table 1). Four cases of noncommunicating nydrocephalus were 
reviewed retrospectively to determine if there is a characteristic pattern to transependymal 
absorption. In all four cases, benign posterior fossa tumors obstructed the aqueduct or fourth 
ventricle. 

MR studies were performed on a resistive-magnet prototype imager manufactured by 
Picker International (Picker 1000) and operating at a frequency of 6.4 MHz with a magnetic 
field of 0.15 T (1500 G). A 30 cm aperture was used. Images in the transverse, sagittal, and 
coronal planes were obtained with three pulse sequences: inversion recovery (IR) using a 
1400 msec repetition time (TR) and a 400 msec inversion time (TI), and spin-echo (SE) using 
both 1000 msec and 3000 msec TR and 80 msec echo delay time (TE). Patients were studied 
with either four, eight, or 16 contiguous 1 cm slices. Images were generated by filtered-back 
projection or two-dimensional Fourier transform on a 256 x 256 matrix. 

CT scans were obtained on either an EMI 1005 (160 x 160 matrix) scanner or a General 
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TABLE 1: Clinical and Radiographic Findings in Radiation Injury to the Brain 





Total Cumulative Brain 








gee hale Radiation a= (rad)/ sie a ka 0, OF CT Findings MRI Findings 
1 (41, M), Astrocytoma 6000/42 48 Cis-platinum/10 Cerebral atrophy, Cerebral atrophy, scalloped 
grade Il white-matter edema white-matter edema, 
symmetric 
2 (56, M), Glioblastoma 5500/49 28 BCNU/5 Cerebral atrophy, focal Cerebral atrophy, focal 
multiforme enhancing masses, areas with long T2 scal- 
white-matter edema loped white-matter 
edema, asymmetric, 
some gray-matter in- 
volvement 
3 (42, M), Astrocytoma 6000/42 72 BCNU/10 Normal Scalloped white-matter 
grade II edema, asymmetric 
4 (70, F), Colon adenocar- 3000/10 3 Methotrexate/3 Cerebral atrophy, Cerebral atrophy, scalloped 
cinoma; metastasis to white matter edema white-matter edema, 
brain asymmetric 
5 (44, M), Nasopharyngeal 3500/49 10 Methotrexate, Mild cerebral atrophy, Scalloped white-matter 
squamous Cell carci- cytoxan/5 no white-matter edema, asymmetric 
noma eroding skull base edema 
6 (70, M), Lung small cell 3000/10 24 Methotrexate/15 — Normal Irregular white-matter 
Carcinoma; prophylactic edema, asymmetric 
treatment 
7 (18, M), Pineocytoma 5500/42 18 None Cerebral atrophy Irregular white-matter 
edema, asymmetric 
8 (11, M), Acute lympho- 2400/10 24 Methotrexate, Cerebral atrophy, Cerebral atrophy, scalloped 
cytic leukemia prednisone, white-matter edema, white-matter edema 
VP-16, vin- mineralizing mi- 
cristine/>50; croangiopathy 
also, intrathe- 
cal methotrex- 
ate/20 
9 (56, F), Lung small cell 3000/10 18 Methotrexate/15 Normal Scalloped white-matter 


carcinoma; prophylactic 
treatment 


edema, asymmetric 





Electric CT/T 8800 CT scanner. Pre- and postinfusion scans were 
obtained in all cases. Enhancement was produced by the intravenous 
drip infusion of 300 ml of 30% Renografin. 


Results 


Table 1 summarizes the clinical information and compares 
the CT and MRI findings for the patients studied. CT scans 
obtained before and during the course of radiation therapy 
demonstrated progressive ventricular dilatation and cortical 
atrophy in six patients. Periventricular lucencies, manifest as 
decreased attenuation of the white matter, were seen on 
postradiation CT scans in five of the six (Fig. 1). Three other 
patients had normal CT scans (Fig. 2). In contrast, MRI 
demonstrated abnormalities of the periventricular white mat- 
ter in all subjects, and, where CT detected periventricular 
lucencies, MRI demonstrated additional areas of involvement 
(Figs. 1—4). 

Coronal SE 1000/80 images provided optimal contrast 
between the gray matter, abnormal white matter, and ventric- 
ular cerebrospinal fluid (CSF). Abnormal white matter was 
seen well on axial SE 3000/80 images, but contrast between 
the abnormal white matter and the ventricular CSF was lost 
since T2 is long for both entities (Fig. 3). The IR 1500/40 
pulse sequence did not provide the contrast necessary for 


detection of abnormal white matter. 

Two basic patterns for MRI of radiation injury emerged: a 
scalloped appearance reflecting damage throughout the white 
matter including the arcuate (U) fibers (Figs. 1 and 3); and a 
less extensive, irregular periventricular signal that was asym- 
metric (Fig. 2). The corpus callosum was spared in all cases. 

Histologic brain examination at autopsy in case 2 revealed 
areas Of fluffy, chronic edema extending throughout the white- 
matter fiber tracts (Figs. 4D and 4E). Radiation-induced hy- 
alinization and fibrinoid necrosis of the blood vessels were 
prominent. Areas of radiation necrosis were present. Exten- 
sive demyelination was noted. Residual tumor was found only 
in the surgical bed. 

In all cases of transependymal absorption, the abnormal 
signal was best seen on SE 3000/80 axial images. The 
peripheral margin was more difficult to see on coronal SE 
1000/80 images, but in all cases appeared smooth and sym- 
metric (Fig. 5). 


Discussion 


Courville and Myers [5] found the effects of radiation to be 
primarily thickening and hyalinization of the arteriolar wall. 
Evidence suggesting that the associated demyelination re- 
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sults from he vascular changes includes a long interval 
preceding the onset of symptoms, fibrinoid changes in arter- 
iolar walls in the affected area, the severest changes in the 
white matter occurring in deep locations adjacent to the 
ventriele where blood supply is most tenuous, and high cor- 
relation between the severity of vascular change and the 
severity of cemyelination. 

In case 2,hyalinized blood vessels and demyelination were 
accompanied by chronic, interstitial edema and vacuolization 
of the interstitium. These findings were present in the white 
matter remcte from the areas of radiation necrosis. Reactive 
astrocytic Cianges associated with the edema indicate a 
chronic rather than acute process. This alteration of normal 
white-matte- composition with increased extracellular brain 
water and loss of myelin accounts primarily for the long T2 
Signakseen in radiation damage. 

The abncrmal MRI signal seen in transependymal absorp- 
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Fig. 1.—Case 4. A, Postinfusion CT scan reveals decreased attenuation of white matter bilaterally in 
both forceps major and minor. B, Axial SE 3000/80 image. Abnormal white matter is difficult to distinguish 
from ventricular CSF. C and D, Coronal SE 1000/80 images clearly delineate abnormal white matter 
from atria and demonstrate bilateral involvement of inferior longitudinal fasciculi encircling temporal horns. 
Corpus callosum is spared. Scalloped appearance results from injury extending to gray-white matter 





tion from obstructive hydrocephalus differs from that of radia- 
tion-injured white matter. The white-matter changes seen in 
hydrocephalus appear on CT as a linear decrease in hypo- 
density from ventricle to periphery. On MRI, the abnormally 
prolonged T2 signal extending outward from the (microscop- 
ically) disrupted ventricular wall also decreases linearly. It has 
a round, smooth contour, does not extend to the gray-white 
matter junction, and typically spares the centrum semiovale 
[6]. In contrast, radiation injury is irregular and flame-shaped, 
extending to the more richly vascular gray matter in severe 
cases, and affecting all white-matter fiber tracts except the 
corpus callosum. The forceps major was more severely af- 
fected in some cases than the more anterior white-matter 
tracts. This may reflect the fact that the penetrating arterioles 
posteriorly must traverse a longer course to penetrate the 
thicker fiber bundles in this area, while tracts of the corpus 
callosum are fed directly by short perforators from pial arteries 
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Fig. 2.—Case 3. A, Postinfusion CT scan shows 
no white-matter abnormalities. Mild ventricular en- 
largement and cortical atrophy. Surgical clip marks 
operative site. B, Coronal SE 1000/80 image. Mod- 
erate white-matter damage with asymmetric, irreg- 
ular periventricular signal. Note contrast between 
involved white matter, dark gray matter, and darker 
CSF. 


Fig. 3.—Case 9. A, Axial SE 3000/80 section 
through centrum semiovale poorly demonstrates 
abnormal white-matter signal. B, Coronal SE 1000/ 
80 image demonstrates abnormal white matter pos- 
teriorly. Characteristic scalloped appearance re- 
sults from involvement of arcuate (U) fiber tracts 
that abut gray matter. 


such as the anterior cerebral arteries and posterior pericallosal 
arteries. 

The influence of fiber tracts on the distribution and appear- 
ance of cerebral edema has been shown by Cowley [7]. Our 
study confirms his observation that the corpus callosum is 
the only white-matter fiber tract immune from involvement 
with diffuse edema. In case 4 (Fig. 1), MRI was superior to 
CT in its ability to delineate the inferior longitudinal fasciculi 
Surrounding the temporal horns. The characteristic scalloped 
MRI appearance arises from damage to the arcuate (U) fibers, 
which interconnect the gyri and abut the gray matter (Fig. 3). 

Coronal SE 1000/80 slices optimally display white-matter 
injury for two reasons. First, the coronal plane profiles the 
abnormal fiber bundles against two normal tissues, the richly 
vascular gray matter and the ventricular CSF. Second, the 
SE 1000/80 sequence produces the greatest contrast be- 
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tween these three structures. Axial SE 3000/80 slices fail to 
display the lesions as well because the T2 signal from injured 
white matter is similar to that of CSF and provides little 
contrast between CSF and the ventricle. 

The differing appearance of radiation injury and transep- 
endymal absorption on T2-weighted (SE 3000/80) and T1- 
weighted (SE 1000/80) images reflect their different etiolo- 
gies. In transependymal ebsorption, breakdown of the ven- 
tricular lining causes egr2ss of CSF into the fiber tracts, 
whereas in radiation injury, demyelination, interstitial edema, 
and even tissue necrosis are seen. Currently, calculation of 
T1 and T2 values for radiation injury and transependymal 
absorption are being studi2zd. Dooms et al. [8] found nonspe- 
cific prolongation of T1 and T2 in radiation-injured white 
matter. 

Ventricular dilatation resulting from radiation-induced cere- 


AJR:147, July 1986 


? 


< y P = 
ye ii) i 
m à ~~ af 


bral atrophy may resemble communicating hydrocephalus. 
The diagnosis of hydrocephalus is excluded when gradual 
ventricular enlargement is coupled with cortical atrophy (Fig. 
2), temporal horn enlargement is absent (Fig. 1), or a func- 
tioning ventriculoperitoneal shunt is present (Fig. 4). 

The adjunctive effect of intravenous methotrexate with 
crania irradiation in the production of disseminated necrotiz- 
ing leuxoencephalopathy has been observed in acute lympho- 
cytic leukemia of childhood [9, 10]. Four of our patients 
received methotrexate, two received carmustine (BCNU), and 
one cis-platinum. While white-matter disease was not limited 
to the chemetherapy group, an adjunctive effect may account 
for the severity of white-matter changes seen on MRI and 
CT. Ne patients in our series received chemotherapy without 
radiotherapy, but investigation of such a group is planned to 
determine if chemotherapeutic agents produce an inde- 
pendent adverse effect on the white matter. 
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Fig. 4.—Case 2. A, Postinfusion CT scan re- 
veals bilateral white-matter hypocensities. Two en- 
hancing masses in anterior frontal lobes represent 
radiation necrosis. B, Next higher ievel. Large mass 
of radiation necrosis encircles ventricular shunt 
tubing, reflecting increased susceptibility of dam- 
aged brain to radiation necrosis. Despite ventricular 
enlargement, shunt was functioning. C, Axial SE 
3000/80 image. Extensive radiation injury in right 
hemisphere involving white and gray natter. Ra- 
diation necrosis in frontal lobes is represented as 
areas of high signal. Surgical bed lies in left pos- 
terior parietal area. Coronal images could not be 
obtained. D and E, Microscopic øetecton of white 
matter remote from areas of foeal radionecrosis. 
(H and E x160.) D, Vacuolizatien of interstitium 
represents edema. Demyelination is present but 
was best appreciated at higher power. E, Radia- 
tion-induced vascular hyalinizatiom and fibrinoid ne- 
crosis of several penetrating arterioles in edema- 
tous white matter. 


In a prospective series of 13 patients with small-cell lung 
carcinoma treated with multiagent chemotherapy and prophy- 
lactic cranial irradiation (3000 rad [30 Gy]), CT showed cortical 
atrophy in all cases with ventricular dilatation in nine and 
periventricular lucencies in two [11]. Cases 4 and 9 of our 
Study underwent this same treatment. In both cases, CT 
showed atrophy and ventricular dilatation but normal atten- 
uation of the white matter. However, MRI demonstrated 
abnormal white-matter signal in both. A prospective study is 
planned to evaluate further the efficacy of CT versus MRI in 
this group of patients. 

In summary, MRI is superior to CT in the detection of 
radiation injury, showing abnormal white-matter signal where 
CT is normal. The coronal SE 1000/80 pulse sequence opti- 
mally demonstrates injured, edematous fiber tracts profiled 
between CSF and gray matter. A scalloped, irregular contour 
involving the more posterior fiber tracts distimguishes this 
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Fig. 5.—Obstructive hydrocephalus secondary to cerebellar hemangioblas- 
toma. A, Axial SE 3000/80 image clearly demonstrates bright, rounded peri- 
ventricular signal representing transependymal absorption. Edema does not 
extend to gray-white matter junction. B and C, Coronal SE 1000/80 images 


injury from transependymal absorption of hydrocephalus. The 
underlying cause for this signal is radiation injury to the 
tenuous blood supply of the white matter, resulting in edema, 
demyelination, and tissue necrosis. 
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MRI of the Chronically 
Injured Cervical Spinal Cord 





Thirteen patients with prior cervical spinal cord injury resulting in quadriplegia were 
evaluated with magnetic resonance imaging (MRI) long after their initia! injury, either 
because of the relatively recent onset of new and worsening neurologic symptoms or 
to rule our residual compression on the spinal cord or nerve roots. The results of MRI 
were compared with delayed metrizamide computed tomography (CT) in 10 cases, and 
in five of those the results were also compared with intraoperative spinal sonography. 
It was found that MRI more accurately demonstrated the intramedullary abnormalities in 
the injured spinal cord than did delayed metrizamide CT because the former could 
separate myelomalacia from a posttraumatic spinal cord cyst, a differentiation that was 
frequently difficult with delayed metrizamide CT. T2-weighted spin-echo pulsing se- 
quences with long echo times were particularly useful in evaluating these patients. 


Over the years, the radiographic assessment of damage to a prewously injured 
spinal cord has included Pantopaque myelography [1, 2], air meylography [3], 
percutaneous cord puncture [2, 3], and, most recently, delayed metrizamide 
computed tomography (CT) [1, 3, 4]. Of these, delayed metrizamide CT is the most 
accurate, because it can detect an abnormal accumulation of water-soluble contrast 
media within the spinal cord, which suggests the presence of either a posttraumatic 
spinal cord cyst [4] or myelomalacia [5]. Nonetheless, potential diagnostic pitfalls 
associated with delayed metrizamide CT during preoperative evaluation of a 
chronically injured spinal cord have been demonstrated by intraoperative spinal 
sonography. Specifically, abnormal intramedullary metrizamide may be present in 
either myelomalacia or in a posttraumatic spinal cord cyst [5]. It is desirable, 
therefore, to have a more dependable method of distinguishing, prior to surgery, 
patients with shuntable intramedullary cysts from those with chronically damaged 
but noncystic spinal cords. 

Although a number of reports have been published on the magnetic resonance 
imaging (MRI) in previous pathologic processes involving the spinal cord, MRI has 
not, to our knowledge, been used to evaluate a series of patients with previously 
injured spinal cords. In this paper we report the use of MRI in 13 patients with prior 
cervical cord trauma, 10 of whom were also studied with delayed metrizamide CT 
and five of whom had surgery. It is our objective to compare the results of MRI 
with those of delayed metrizamide CT in order to determine which is the most 
accurate method of preoperatively evaluating the chronically damaged spinal cord. 
Further, we correlate these imaging modalities with the patients’ clinical presenta- 
tions and the findings at surgery as determined by intraoperative spina! sonography. 


Materials and Methods 


Thirteen patients who had suffered severe cervical spinal cord trauma six months to 11 
years prior to their present hospitalization were evaluated clinically and examined radiograph- 
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TABLE 1: Clinical Data and Imaging Results in the Chronically Injured Cervical Spinal Cord 
SSS ES 5 a a SS SS ee ee ee eS re es Se 


Clinical Data 








Time 
Since 
New 
Symptoms 
Appeared 
(months) 


Case No. Injury to New Symptoms 
(years) Present 
Evaluation 
(years) 


E etine ee 5 Hyperhidrosis left neck and 24 
face; paresthesias both 
UEs 

4, 2758. 3 26 ee Decreased stength and 9 
sensation rt. hand; pain 
rt. UE 

Sescaa TO 11 Hyperhidrosis—bilaterally 2 
face and neck 





4..... 19 11 Neck and head pain in re- 6 
cumbent position; pares- 
thesias both UEs 
Boss te 27 10 Increased UE and LE spas- 1 
ticity; hyperhidrosis 
Oise eae 16 0.5 Neck and left arm pain 2 
Oe ede 33 1 Positional headaches; as- 1 
cending sensory level 
Bocas 16 15 None. Patient studied prior 
to anterior decompres- 
sion—hopeful of increas- 
ing C6 and C7 root func- 
tion 
9 15 8 None. Patient studied prior 
to computerized closed- 
loop functional electrical 
stimulation to R/O resid- 
ual bony cord compres- 
sion 
10..... 34 3 None. Patient studied be- 
cause he plateaued neu- 
rologically after a steady 
improvement over 3 
years 
| a: = 3 Progressive weakness, 3 
numbness, and pain in 
UEs; hyperhidrosis, face 
and neck 
ae 18 5 Increased numbness in dis- 2 
tal UEs bilaterally 
sens TO 6 Increased spasticity of UEs 2 
and LEs 


Imaging Results 





Tie intraoperative 
teem Spinal 
DMCT OMCT MRI Sonography 
Dx. i Dx. and 
Surgical 
ad Findings 
Cyst 1 day Cyst Cyst 
Myelomalacia 2mo Cyst Cyst 
Not done VA Cyst Awaiting 
(Iodine surgery 
allergy) 
Cyst 1 mo Cyst Cyst 
Myelomalacia 1 mo Cyst Awaiting 
surgery 
Cyst 2.5 mo Cyst No surgery 
Cyst 1 mo Cyst Myelomalacia 
Cyst 5 days Myelomalacia Myelomalacia 
Cyst 5.5 mo Myelomalacia No surgery 
Myelomalacia 1 mo Myelomalacia No surgery 
Normal 1 mo Myelomalacia No surgery 
Not done nA Myelomalacia No surgery 
Not done mer Normal No surgery 





ically with MRI. Ten of those patients were also examined with 
delayed metrizamide CT. Five patients were operated on, and they 
were evaluated during surgery with intraoperative spinal sonography. 
The pertinent clinical data on each patient are summarized in Ta- 
ble 1. 

Contiguous 5-mm axial sections were obtained with delayed me- 
trizamide CT performed 4 to 6 hr following routine cervical metriza- 
mide myelography. Because our objective in this investigation is to 
compare the intramedullary abnormalities as seen on delayed metri- 
zamide CT with those seen on MRI, other radiographic abnormalities 
that may have been observed—such as adhesions or scarring, bony 
encroachment on the canal or cord, and canal angulation—are not 
included. With the exception of Case 6, the time interval between the 
delayed metrizamide CT and the MRI was a small percentage of the 
elapsed time between the initial injury and the present radiologic 
evaluation. For patients who had MRI more than a week following 


delayed metrizamide CT, the time shown in Table 1 is the nearest 
half month. In two patients (Cases 12 and 13), the delayed metriza- 
mide CTs were performed more than 2 years prior to their MRIs and 
are therefore not included in this comparison. 

MRI was obtained in the sagittal plane on a 0.5 T superconducting 
magnet operating at 0.35 T over a span of 1.5 years (February 1984 
through June 1985). Images 5 mm thick with 2 mm spacing were 
obtained by using the spin-echo (SE) technique. When necessary, 
interlacing with overlapping images was acquired. In the majority of 
cases, three T1-weighted (TR: 0.3 sec, TE: 35 msec; four averages) 
and 10 dual echo (five at each echo), T2-weighted (TR: 1.5 sec., TE: 
35 and 70 msec; two averages) images were generated. In four 
cases, even longer echo times were obtained (up to 240 msec) to 
increase the T2 weighting. The images were acquired and displayed 
on a 256 x 256 matrix and reconstructed with a fast 2D Fourier 
transform. 


AJR:147, July 1986 
















Results 


Table 1 summarizes the clinical and radiographic results in 
Our patients. 

All had suffered severe cervical spinal cord injuries, which 
had left them quadriplegic (10 complete, three incomplete). 
After a period of clinical stability ranging from six months to 
11 years, 10 patients developed new symptoms, including 
one or more of the following: pain, increased sensory deficit, 
hyperhidrosis, parethesias, and spasticity. The patients were 
able to recall when these new symptoms first appeared, and 
the time period from their first appearance to the present 
radiologic evaluation (1 month to 2 years) is listed in Table 1. 
This finding was independent of the severity and type of 
symptoms experienced. Development of new symptoms was 
also unrelated to whether the patients were complete or 
incomplete quadriplegics; two of the three incomplete quad- 
riplegics (Cases 3 and 11) had new symptoms, one (Case 10) 
did not. Three patients (Cases 8, 9, and 10) had no new 
symptoms but were studied for different reasons (also indi- 
cated on Table 1). 

With delayed metrizamide CT we attempted to differentiate 
posttraumatic spinal cord cyst from myelomalacia on the basis 
that the former would be more likely to show dense, well- 
defined intramedullary contrast extending beyond the site of 
original injury, whereas myelomalacia would be more likely to 
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Fig. 1.—Case 1: spinal cord cyst. At the C7-T1 level, dense 
intramedullary contrast material is seen on delayed metrizamide 
CT (A). A T1-weighted image shows a hypointense signal 
(arrows in B) within a focally expanded spina! cord, consistent 
with a cord cyst. At surgery, longitudinal (C) and transverse (D) 
sonograms showed a large hypoechoic cyst within the cord. 
Note the correlation between the MR! image.and sonogram in 
regard to the shape and extent of the cyst within the enlarged 
spinal cord (between open arrows). A shunt catheter was placed 
into the cord cyst through a myelotomy on the dorsal cord 
surface at T1. Longitudinal sonogram (E) showed the catheter 
(between arrows) within a partially decompressed cord cyst. 


show ill-defined, less dense intramedullary contrast involving 
only areas of the cord adjacent to the original injury. 

With MRI, the images were observed for the presence of 
both high- and low-intensity signals in the T 1-weighted images 
(e.g., Fig. 1) and the T2-weighted images (e.g., Figs. 2-4). A 
lesion within the cord that had a low signal intensity on both 
the T1-weighted images (e.g., Figs. 2B and 2C) and the 
moderately T2-weighted images, and that had a higher signal 
intensity on the more heavily T2-weighted images (e.g., Fig. 
2D), which paralleled the signal from the spinal fluid in the 
adjacent subarachnoid space, suggested the presence of 
cerebrospinal fluid within the cord, specifically a posttraumatic 
spinal cord cyst. These findings correspond to the known 
long T1 and T2 of cerebrospinal fluid when compared with 
normal spinal cord tissue. On the other hand. a lesion with 
low signal intensity within the cord on the T1-weighted images 
(Fig. 3B) that became isointense or slightly more intense than 
the surrounding cord on the moderately T2-weighted images 
(Fig. 3C), and that showed signals on the more heavily T2- 
weighted images (Fig. 3D), which did not parallel the signal 
from the cerebrospinal fluid in the adjacent subarachnoid 
Space, suggested the presence of myelomalacia rather than 
a cyst. For reasons we describe in the Discussion section, 
whenever MRI suggested the presence of myelomalacia sur- 
rounding an intramedullary cyst, just the word “cyst” appears 
in the appropriate column in Table 1. 
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Fig. 2.—Case 2: spinal cord cyst. A, Delayed metrizamide CT shows diffuse 
uptake of the contrast material within the spinal cord for 5 cm above the area of 
original injury (C6—C7 fracture/subiuxation). Because the contrast material was 
not dense or well-defined, the diagnosis of myelomalacia was made. With MRI, 
T1-weighted images show a hypointense area within the spinal cord from the 
medulla (arrow in B) inferiorly to T4 (arrow in C). The fracture/subluxation at C6- 
C7 and its effect on the spinal canal and adjacent cord are apparent. On T2- 
weighted images, hyperintense signals within the cord were identified from the 
medulla to T3 (arrow in D) correspending to the areas of low signal intensity in B 
and C. Hyperintense signals within the cord below T4 (arrowheads) indicate 
caudal extension of the cyst. The diagnosis by MRI was a posttraumatic spinal 
cord cyst. Intraoperatively, transverse sonography at T2 (E) and C2 (F) confirmed 
the presence of an intramedullary cyst (“c” in F). Note the cord enlargement 
(between open arrows in E) at T2. Shunt catheter placement into the cyst at the 
T2 level resulted in cyst collapse from T3 to C2. 
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Intraoperative spinal sonography was performed on the five 
patients who eventually had surgery (Cases 1, 2, 4, 7, and 
8). Sonograms were evaluated for the presence of a number 
of abnormalities, such as bony or soft-tissue compression of 
the spinal cord or nerve roots, adhesions, extramedullary 
cysts, and cord pulsations; but the bulk of our attention was 
directed toward the appearance of the spinal cord. Specifi- 
cally, we noted that an anechoic intramedullary area (e.g., 
Figs. 1C, 1D, 2E, and 2F) indicated the presence of a cyst, 
whereas a hyperechoic spinal cord (e.g., Fig. 4C) indicated 
myelomalacia [5]. The surgical procedure for diverting fluid 
from the intramedullary cyst to the adjacent subarachnoid 
space involved shunting the cyst via a multiple-hole ventricular 
shunt catheter (e.g., Fig. 1E). Fluid obtained from these cysts 
at the time of surgery was not subjected to laboratory analy- 
SiS. 


Fig. 3.—Case 9: myelomalacia. A, Delayed metrizamide CT shows dense 
intramedullary contrast material accumulation consistent with a posttraumatic 
spinal cord cyst at the C4 level. MRI shows a hypointense area (arrow in B) 
within the cord on the T1 image at the level of prior injury and prior surgery (C4- 
C5 intrabody fusion). However, on the T2-weighted images (C and D), the signal 
intensity at the C4 level was equivalent to the signal intensity from other areas 
of the cord that had been shown by delayed metrizamide CT and MRI to be 
normal. Consequently, a diagnosis of myelomalacia was made, anc no surgery 
was performed. 


Of the 10 patients who had delayed metrizamide CT, six 
were diagnosed as having an intramedullary cyst, three as 
having myelomalacia, and one patient was diagnosed as 
normal. Diagnoses made by using MRI, on the other hand, 
showed cysts in six patients and myelomalacia in four, with 
agreement occurring in only five of our 10 patients (Cases 1, 
4, 6, 7, and 10). In the five cases in which surgery was 
performed, the operative and intraoperative spinal sonogra- 
phy findings correlated with the MRI diagnoses in four patients 
(Cases 1, 2, 4, and 8) while the same findings correlated with 
the delayed metrizamide CT diagnoses in just two patients 
(Cases 1 and 4). Three patients (Cases 3, 12, and 13) had 
only MRI, resulting in the diagnosis of a cyst in one case and 
myelomalacia in two cases. We found progressive symptoms 
present in patients with myelomalacia (Cases 7, 11, and 12) 
as well as in patients with intramedullary cysts (Cases 1-6). 


Fig. 4—Case 8: myelomalacia. Delayed metrizamide CT at 
the level of prior C4—C5 fracture/subluxation shows a com- 
pressed spinal cord in A with intramedullary accumulation of 
contrast material. At the C4 level (B), 8 mm above A, the 
intramedullary contrast material was dense and well-defined, 
and a diagnosis of posttraumatic spinal cord cyst was made. 
The cyst extended 16 mm above and 8 mm below the level of 
maximum bony compression of the cord. The T1-weighted MRI 
image (C) showed a hypointense area within the spinal cord at 
C4-C5 (between arrows); however, three separate T2- 
weighted images with increasing TE showed no changes in 
Signal intensity to suggest an intramedullary cyst. Specifically, 
at the levels of the abnormal metrizamide CTs (i.e., both above 
and below the level of the cord compression) the signal intensity 
of the injured spnal cord tissue (in D-F) was similar to that of 
the normal surrounding spinal cord tissue and not of cerebro- 
spinal fluid. As a result of these MRI findings, just an anterior 
cervical decompression at C5 was performed. Sonography in 
the transverse plane (G) showed an abnormal, highly echogenic, 
misshaped cord ‘arrowheads) with no intramedullary cyst. 
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Three patients were diagnosed as having a cyst (Cases 3, 
5, and 6) but were not operated on. Two of those (Cases 3 
and 5) will have surgery only if their symptoms worsen, while 
the third patient (Case 6) had such a short cyst that the shunt 
surgery was thought to be inadvisable for the present. Cyst 
collapse occurred in each case following the insertion of the 
shunt tubing. 


Discussion 


The benefit of shunting posttraumatic spinal cord cysts into 
the adjacent subarachnoid space has been well documented 
[4, 5]; nonetheless, a common clinical and radiologic problem 
is the preoperative differentiation of myelomalacia from these 
intramedullary cysts. In initial experiences with delayed metri- 
zamide CT [|4], it was found that an abnormal collection of 
water-soluble myelographic contrast material within the spinal 
cord, along with a progressive neurologic dysfunction, indi- 
cated a strong probability of an intramedullary cyst. Subse- 
quently, it was shown that in some chronically spine-injured 
patients, contrast material could accumulate in noncystic 
areas of the cord [5. 6] even if signs of progressive neurologic 
dysfunction were present. While the length of cord involve- 
ment may be of some help in distinguishing cyst from mye- 
lomalacia, there will be instances in which a cyst extends over 
a relatively short segment of the cord or in which a cord has 
undergone myelomalacic changes away from the site of the 
original bone injury. These problems point out the need for a 
more reliable means of diagnosing posttraumatic spinal cord 
cysts. 

MRI, with its proven ability to detect cystic intramedullary 
abnormalities [7, 8], was the obvious choice for a radiologic 
study that eould distinguish myelomalacia from cord cysts. 
Because intraoperative spinal sonography can readily differ- 
entiate cystic from noncystic abnormalities of the cord [5], 
we used that modality to compare the diagnostic accuracy of 
delayed metrizamide CT with MRI. Although we have studied 
only 13 cases to date, our results indicate that MRI is more 
accurate than delayed metrizamide CT in delineating the 
pathological changes present within a chronically injured 
spinal cord. Specifically, two of our patients—Case 2 (Fig. 2) 
and Case 5—would not have been operated on had only 
delayed metrizamide CT been available, because that study 
suggested only myelomalacia. Both these patients, however, 
did have MRI, which showed cysts, a circumstance that was 
confirmed at surgery with intraoperative ultrasound. Con- 
versely, two patients—Case 8 (Fig. 4) and Case 9—whose 
delayed meitrizamide CT findings strongly suggested a cyst, 
showed changes most consistent with myelomalacia on MRI. 
Since one of those patients (Case 8) had an anterior cervical 
decompression, we were able to perform intraoperative spinal 
sonography through the corpectomy defect and prove the 
lack of intramedullary cyst. It appears, therefore, that delayed 
metrizamide CT is useful for pointing out an abnormality within 
the cord, but it cannot reveal exactly what that abnormality 
is. Thus, in our institution, shunting spinal cord cysts is now 
done only when the MRI is positive for that diagnosis. 

We believe that the difference in relaxation times between 
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normal spinal cord tissue, myelomalacia, and intramecullary 
cysts is the factor that allows MRI to be more accurate than 
delayed metrizamide CT in portraying the pathologic changes 
present in an injured cord. The intramedullary microcystic and 
gliotic changes present in an myelomalacic cord [9] contribute 
to prolongation of the T1 relaxation time. The result of these 
changes on T1-weighted images is a low-intensity signal that 
mimics cerebrospinal fluid (e.g., Fig. 3B). The normal sur- 
rounding spinal cord has a more intense signal because of its 
shorter T1 relaxation time. On the T2-weighted images, areas 
of myelomalacia on the early echoes have signal irtensities 
that resemble a normal spinal cord (e.g., Fig. 3C). As signals 
are obtained at increasingly long echo times (more heavily 
T2-weighted), the effect of the long T2 relaxation time of 
cerebrospinal fluid and equivalent fluid becomes evident. Spe- 
cifically, the cerebrospinal fluid becomes hyperintense com- 
pared with both the normal spinal cord and the myelomalacia 
(Fig. 2D), since both have a shorter T2 relaxation tme than 
cerebrospinal fluid. These factors help explain the difference 
in appearance between myelomalacia, spinal cord cysts, and 
normal cord tissue. The imaging situation in some cases, 
however, may not be as clearly defined as it would seem from 
this description, because posttraumatic spinal cord cysts 
develop in areas of previously damaged spinal cord tissue, 
resulting in a rim of myelomalacia tissue adjacent to a cord 
cyst. As more cases are analyzed with higher-resolu-ion MRI, 
it may be possible to detect small areas of myelomalacia in 
proximity to the larger cysts. From a practical standpoint, 
however, this may have little or no surgical significance, 
because in patients with new or progressive sympzoms the 
concern is the cephalad extension of a cyst beyond the area 
of myelomalacia into areas of the spinal cord that previously 
had been normal. What is occurring within the cord at the 
exact level of prior cord injury is of little importance in these 
patients compared with the dynamic changes occurring above 
the injury site. 

The cerebrospinal fluid equivalency of the cyst fluid is 
consistent with the postulated mechanism for the tormation 
of posttraumatic spinal cord cysts [4] and explains the MRI 
signals obtained from these intramedullary cysts. Although 
we did not perform a chemical analysis of the cyst fluid, the 
gross appearance of the fluid was identical to cereorospinal 
fluid. We recognize the possibility that some of these types 
of cysts may have an increased protein content [6], resulting 
in a shortened T1 and T2, and thus altering the MRI appear- 
ance from what we have observed so far. In furture cases, 
we plan to correlate the MRI appearance of these cysts with 
possible abnormalities in protein content. 

We believe that MRI is the most efficient and effective 
preoperative procedure for determining the presence of a 
cord cyst. In institutions where MRI is not available, referral 
to an MRI facility should be considered when the delayed 
metrizamide CT is positive for intramedullary contrast material 
accumulation. On the basis of our experience over the past 
five years with more than 50 chronically injured spinal cord 
patients, we consider the possibility of the existence of a 
sizable (i.e., shuntable) intramedullary cyst in the “ace of a 
negative delayed metrizamide CT to be extremely remote. In 
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this study, we encountered only one patient (Case 11) In 
whom the delayed metrizamide CT was normal but the MRI 
was positive; and in that patient only myelomalacia, not a 
cyst; was identified. 

In summary, our results indicate that in patients with pro- 
gressive neurologic symptoms who have sustained prior se- 
vere cervical spinal cord injury, MRI is the only preoperative 
study needed to distinguish myelomalacia from a posttrau- 
matic spinal cord cyst. We found that when T1-weighted SE 
images showed areas of hypointensity, a cord cyst could be 
distinguished from myelomalacia on the T2-weighted images. 
A posttraumatic spinal cord cyst will be hypointense relative 
to the spinal cord on moderately T2-weighted images and 
hyperintense on the more heavily T2-weighted images. Mye- 
lomalacia, on the other hand, will be relatively isointense to 
the normal spinal cord on the moderately T2-weighted im- 
ages. The above criteria probably can also be applied to the 
evaluation of the thoracic cord when better-quality images 
are avaliable, either through improvements in the body radio- 
frequency coll or with the development of surface coils. 
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Sonography of the Neonatal 
Craniocervical Junction 





To determine the value of ultrasound scanning of the craniocervical junction in 
neonates via a posterior approach, we examined 50 infants with normal posterior fossae, 
10 with congenital abnormalities, and eight with intracranial hemorrhage. Good evalua- 
tion of the cisterna magna, medulla, tonsils, vermis, cervical cord, and central canal was 
possible in most cases. In nine patients with spinal dysraphism, all displayed a Chiari II 
malformation; of these, a kink at the medullary cord junction was seen in six, and a 
cerebellar peg was noted in four. In one case, the Chiari malformation was confirmed 
by myelography, and all nine patients had some of the intracranial features of Chiari II 
malformation seen via the standard anterior fontanelle approach. The 10th patient in 
this group had a quadrigeminal plate cyst and gross hydrocephalus. In another four 
infants, diffuse subarachnoid blood in the cisterna magna was seen after recent 
intraventricular hemorrhage. A further two of four patients with posthemorrhagic hydro- 
cephalus had localized clots. Direct scanning at the craniocervical junction was easily 
performed and allowed good evaluation of this area in normal infants and in patients 
with Chiari Il malformation. This technique also allowed visualization of subarachnoid 
blood and clots obstructing the outlet of the fourth ventricle. 


The craniocervical junction of the neonate has traditionally been assessed via 
the anterior fontanelle with ultrasound [1], by myelography [2], by computed 
tomography [3], and more recently by magnetic resonance [4]. Direct ultrasound 
scanning of the spinal canal in neonates and young infants has been widely reported 
[5-10], but detailed investigation of the craniocervical junction has not. In the 
neonate, and especially in the premature infant, the posterior arches of the spinal 
canal are minimally ossified, allowing an excellent acoustic window into this region 
[11]. To determine the appearance of the normal cervicomedullary junction, and 
particularly the central canal, 50 infants with normal craniocervical junctions were 
examined. These were compared with 10 babies with congenital abnormalities and 
eight with intracranial hemorrhage to assess the visualization of Chiari Il malfor- 
mation and to evaluate the blood in the cisterna magna. 


Materials and Methods 


All examinations were performed with a real-time sector scanner (ATL 1000A) using a 7.5 
MH, transducer. Images were recorded on film via the built-in multiformat camera. The babies 
were scanned in the lateral decubitus position, preferably with the head flexed. If necessary, 
the examination was performed in the isolette. The transducer was placed at approximately 
Cz and angled upward and downward. Various angulations and positions were required for 
optimal visualization of all structures from the lower cervical cord to the fourth ventricle. Early 
in the study five examinations were unsuccessful because of patient movement; subsequently, 
the examinations were usually performed when the babies were sleeping or postprandial. 
One examination was undertaken after sedation. 

The sonograms were performed on consecutive patients between September 1983 and 
May 1984. Ninety-four percent of the babies were in the neonatal unit at the Montreal 
Children’s Hospital. Ultrasound examinations for both the normal and abnormal groups were 
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ventricle.) 


requested mainly to investigate apnea, seizures, or congenital abnor- 
malities, or to study premature infants. Sagittal, parasagittal, and 
transverse images were obtained in 68 babies, 43 girls and 25 boys, 
ranging in age from 26 to 50 weeks [mean 39 + 0.6 standard error 
of mean (S.E.)]. 

There were 50 infants with normal brain scans and normal crani- 
ocervical junctions whose ages ranged from 28 to 50 weeks (mean 
39.5 + 0.6 S.E.). Ten infants had congenital abnormalities and ranged 
in age from 37 to 41 weeks (mean 40 + 0.04 S.E.). Nine of this group 
had spinal dysraphism. Another eight babies, ranging in age from 26 
to 40 weeks (mean 32.3 + 2.0 S.E.), had intracranial hemorrhage. 


Results 
Normal Patients 


The cervical cord and subarachnoid space and the cisterna 
magna were identified in all normal infants and were seen well 
in most cases (78%). The cisterna magna provides an acous- 
tic window. When it was clearly identified, the medulla was 
seen well (70% of examinations). The fourth ventricle was 
evident in 44% of the cases, but required steep angulation of 


| Fig. 1.—Normal Sagittal (A), parasagittal (By, and transverse sonograms (C) in a neonate 
viewed with the patient prone, showing the normal craniocervical junction. The arrowheads 
outline the cervical cord. (cm = cisterna magna, v =vermis, t = tonsil, m = medulla, f = fourth 





Fig. 2.—Normal sagittal sanogram of the craniocervical junction in a neonate 
demonstrating the central canal as a distinct channel proximally (arrowheads) 
and as a Single line distally (straight arrow). The vertebral bodies are seen 
anteriorly (curved arrows). 
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Fig. 3.—A, Sagittal sonogram at craniocervical junction in a patient with a 
meningomyeloc=le demonstrating the junction of the medulla and spinal cord 
with a spur (arr-whead). The scan is orientated vertically for comparison with 
the myelogram. The cervical cord with its central canal (straight arrow) is seen 
inferior to the lager sonolucent medulla. The cisterna magna (CM) is filled with 
cerebellar tissue. B, Myelogram on the same patient demonstrating the spur 





D 


(arrowhead) and cerebellar tissue (straight arrow). C, Transverse sonogram ¢ 
the cervical cord (arrowhead) viewed with the patient prone demonstrating th 
central canal (arrow). D, Transverse sonogram in region of the herniated medul 
(arrowheads) viewed with the patient prone demonstrating the eccentric can. 
(arrow). 
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Fig. 4.—Sagittal sonogram of the craniocervical junction in another patient 
with a meningomyelocele demonstrating the medullary kink (straight arrow) 
and a cerebellar peg (CP) in the region of the cisterna magna (curved arrows). 


the transducer to be visualized. The vermis of the cerebellum 
was seen in 80% of the examinations as a central echodense 
area immediately inferior to the fourth ventricle (Fig. 1). Its 
density is similar to that seen on sonography performed via 
the anterior fontanelle. The more sonolucent cerebellar tonsils 
were evident on either side (in 60% of examinations), and the 
cerebellar folia, lateral to the tonsils, were seen in 40% of the 
cases. Visualization of the cerebellar folia also required steep 
lateral angulation of the transducer. The arterial pulsations of 
the posterior inferior cerebellar artery in the cisterna magna 
were seen in 64% of normal infants. The central canal of the 
cervical cord was visible as a distinct channel from the obex 
to approximately Cz in 80% of the cases, measuring no more 
than 1 mm in diameter. Distally the canal appeared as a single 
line of echoes (Fig. 2). In addition, the vertebral bodies were 
evident anterior to the cord and subarachnoid space in the 
cervical region, which was useful to determine the level of the 
Canal. 

Optimal visualization was generally obtained in premature 
infants, but adequate examinations were obtained in all babies 
up to 2 months old who remained quiet during scanning. The 
variation in image quality was partly due to age, but was also 
due to individual variation in anatomy and development. How- 
ever, visualization of the fourth ventricle and medulla was not 
Significantly increased in infants younger than 35 weeks of 
age compared with those who were older. 


Congenital Abnormalities 


Of the 10 infants with congenital abnormalities, nine had a 
Chiari II malformation and one had a quadrigeminal plate cyst. 
All nine with spinal dysraphism had cisterna magna oblitera- 
tion. In seven of the nine (77%) the junction of the cord and 
medulla was seen in the cervical region. Three were at Co, 
two at C2, and two at C, level. The cervical cord and its 
central canal were easily identified in the lower cervical canal. 
The medulla, with its eccentric canal, is wider and more 
uniformly sonolucent than the cervical cord. The posterior 
portion of its canal is formed by either the posterior wall of 
the elongated fourth ventricle or by a cerebellar peg (Fig. 3). 
The medullary canal was only clearly visible in three patients. 
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Fig. 5.—Sagittal sonogram of the craniocervical junction in the patient with 
a quadrigeminal plate cyst. There is a wide defect at the foramen magnum, 
which is filled with herniated cerebellar tissue (arrowheads). 


In addition, a cervicomedullary spur or kink was seen at 
this level in six of seven infants (86%) whose junctions were 
visible in the cervical regicn (Fig. 4). Posterior dilatation of the 
fourth ventricle was not seen in any case, but the kink 
overlapped the upper cord in four patients. In an additional 
four cases, a cerebellar peg was also seen at (in two patients) 
or below (in two patients), the foramen magnum. None of 
these features was seen with the standard anterior fontanelle 
approach. Four of these babies had repeat examinations, 
which confirmed the findings. 

The cranial sonographic findings seen via the anterior fon- 
tanelle approach, in Chairi II malformation, include hydroceph- 
alus with pointing of the frontal horns, asymmetry of the 
lateral ventricles, relative enlargement of the occipital horns 
compared with the frontal horns, partial absence of the sep- 
tum pellucidum, abnormalities of the third ventricle with a 
prominent massa intermedia, and a V-shaped and low tento- 
rium cerebellum [12]. In varying degrees, some of these 
features were present in all nine patients. In one case, the 
Chiari II malformation was confirmed by myelography. 

One neonate had severe hydrocephalus due to quadri- 
geminal plate cyst, which was eventually diagnosed on CT 
ventriculography. There was little identifiable brain tissue on 
sonographs via the anterior fontanelle. Direct scanning at the 
craniocervical junction showed the characteristic pattern of 
the cerebellum in this region with obliteration of the cisterna 
magna, indicating tonsillar herniation (Fig. 5). 


Intraventricular Hemorrhage and Its Sequelae 


In eight patients with intraventricular hemorrhage, four had 
the hemorrhage 1 to 3 days before the examination and four 
had it between 4 days and 3 weeks previously. Subarachnoid 
blood or clot was identified in four premature infants with 
recent intraventricular hemorrhage. In the acute phase, the 
blood was echogenic in the subarachnoid space and cisterna 
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Fig. 6.—A, Coronal sonogram of the head demonstrating intraventricular, 
germinal matrix and intraparenchymal extension of hemorrhage. B, Sagittal 
sonogram at craniocervical junction, performed at the same time as in A, 
demonstrating extension of hemorrhage into the cisterna magna (arrowhead) 
and premedullary cistern (straight arrow). C, Sagittal sonogram at craniocervical 
junction perfermed 3 days later showing the premedullary cistern, which is now 


magna but it later became hypoechoic and formed localized 
clots, as seen with intraventricular hemorrhage (Fig. 6). The 
most severe of these cases eventually required shunting for 
posthemorrhagic hydrocephalus. All four patients with remote 
hemorrhage developed hydrocephalus. In one, clots were 
shown protruding into the distal end of the fourth ventricle, 
and, in another, they were within a dilated fourth ventricle and 
cisterna magna (Fig. 7). After the development of hydroceph- 
alus, the cisterna magna was generally compressed or 
effaced. 

The subarachnoid hemorrhage was not identified on routine 
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sonolucent (straight arrows) but contains some echoes indicating the presence 
of a resolving hematoma. Residual localized clot is present in tne cisterna 
magna (arrowhead). D, Transverse sonogram of cisterna magna (arrowheads) 
showing the posterior inferior cerebellar artery (arrow). During the examination, 
the artery was noted to pulsate adjacent to the resolving clot (cl) (m = medulla). 


anterior fontanelle scanning in any of these cases. In those 
cases with remote hemorrhage and hydrocephalus, the de- 
gree of dilatation of the fourth ventricle and the extent of 
communication with the cisterna magna, as well as the pres- 
ence of blood clots, were better defined than via the anterior 
fontanelle approach. 


Discussion 


Sonography of the spine in both infants and adults is a 
well-recognized technique. In infants the procedure can dem- 
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onstrate a wide range of abnormalities [5-13]. Goodwin and 
Quisling [1] described the neonatal cisterna magna on sonog- 
raphy done via the anterior fontanelle. The cisterna magna 
area has also recently been described on CT examination 
[3]. However, there has been no detailed report of the crani- 
ocervical junction studied by sonography performed via the 
posterior approach. 

The technique to assess the craniovertebral junction in 
neonates by sonography is easy to perform and is reprodu- 
cible. Our study demonstrates that the normal cisterna 
magna, cervical cord, medulla, tonsils, and vermis can be 
seen in most cooperative infants. The diameter of the central 
canal can be measured and should be no greater than 1 mm. 
For babies with congenital abnormalities of the spine else- 
where, this examination can confirm or exclude the presence 
and extent of Chiari Il malformation quickly and more accu- 
rately than can sonography done via the anterior fontanelle. 
It is particularly useful in those infants with lower cranial-nerve 
signs. The presence of a cerebellar peg and a cervicomedul- 
lary spur, which has been well described pathologically and 
on myelography [12], can also be visualized. The cerebellar 
peg is a downward herniation that may contain the nodulus, 
uvula, and pyramis in the midline. The cervicomedullary spur 
is Caused by buckling of the medulla on the upper cervical 
cord due to the herniation. 

This method of evaluating the craniovertebral junction may 
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Fig. 7.—A and B, Sagittal and transverse sonogram at craniocervical junction in a premature 
infant with remote intraventricular hemorrhage and hydrocephalus demonstrating a large echo- 
genic clot (arrow) protruding into the distal end cf a dilated fourth ventricle (f). C, Follow-up 
examination performed 6 weeks after ventriculoperitoneal shunting demonstrating a reduction in 
size of the fourth ventricle (f) and resolution of the clot. 


be helpful in determining the suitability of a cisternal or C,;—-C- 
puncture for myelographic visualization of the spinal canal in 
certain spinal dysraphic states. It may also be an aid in 
determining the potential benefits of decompressing the hind- 
brain by upper cervical laminectomy and in evaluating the 
posterior fossa structures in infants with complex brain ab- 
normalities. 

Sonography via the pcsterior approach is also useful in 
infants with intracranial hemorrhage. Subarachnoid blood was 
Clearly seen in four infants with recent intraventricular hem- 
orrhage. The amount and age of the subarachnoid hemor- 
rhage required for visualization of blood in the cisterna magna 
is unknown. To find out would require a detailed study with 
comparison to CT and lumbar puncture findings. It is possible 
that a small-convexity subarachnoid hemorrhage may be 
overlooked with the posterior approach. Anterior fontanelle 
sonography has been disappointing in diagnosing subarach- 
noid hemorrhage. 

In patients with posthemorrhagic hydrocephalus, clots were 
observed in the fourth ventricle and cisterna magna. Serial 
sonograms showed the progression or resolution of these 
lesions. A method of treating posthemorrhagic hydrocephalus 
used occasionally is serial lumbar puncture rather than im- 
mediate ventriculoperitonzal shunting [14]. In those babies 
with obstruction of the fourth ventricle caused by clot, re- 
peated lumbar puncture for control of hydrocephalus is un- 
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likely to succeed and may be dangerous. Visualization of 
these clots may help determine how the hydrocephalus 
should be controlled. 

In conclusion, this study showed that ultrasound examina- 
tion of the neonatal craniocervical junction via the posterior 
approach is easy to perform, yields good anatomical definition 
in the majority of infants, and is helpful in assessing infants 
with congenital malformations—particularly Chiari II malfor- 
mations—and cases of intraventricular and subarachnoid 
hemorrhage. 
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Cardiac Imaging and Image Processing. By Steve M. Collins and David J. Skorton. New York: McGraw-Hill. 451 


pp., 1986. $60 


Cardiac imaging has become increasingly dependent on the use 
of digital computer techniques for the generation and analysis of 
images. New imaging methods like fast CT and MR imaging require 
the physiclan’s understanding of the basic physical principles and the 
digital processing involved. Digital processing also assumes an in- 
creasingly important role in the Interpretation of angiograms and 
echocardiograms. 

This book provides an excellent reference for cardiologists or 
radiologists who would like to become more famlliar with the manner 
in which images are generated and with the handling of imaging data 
in the processing and analysis phases. In the first part of the book 
the principles of image formation in echocardiography, digital angiog- 
raphy, radionuclide imaging, cardiac CT, Including ultra-fast multislice- 
scanning techniques like cine CT and MRI are introduced. Unneces- 
sary complexity of mathematics and imaging physics has been 
avoided. The basic physical concepts have been presented in a way 
that enables the interested physician without much background in 
the computer sclences to get a thorough understanding without being 
too confused by mathematical formulas. However, It ls worthwhile to 
work through the equations in the various chapters If certain aspects 
need to be understood in more depth. 

Part Il of the book Is an introductory course In computers and 


Imaging processing. Especially, the chapters on Imaging hardware 
and imaging-processing technique are of interest to anyone working 
in the field of cardiac imaging. Part Ill reviews the clinical and scientific 
applications of image processing to the Imaging techniques intro- 
duced in Part I. 

Because the book is multhauthored some unevenness in style and 
emphasis has occurred. However, the text is enhanced by the ius- 
trations, which are simple ard useful in understanding the complex 
technology presented by the authors. Some of the chapters contain 
more than 100 recent refererces. 

The book achieves its goal to provide the reader with a firm 
foundation in cardiac imaging and Image processing. It will be most 
useful for cardiologists and radiologists who wish to use current 
techniques more effectively and evaluate new ones. Although the 
book is mainly addressed to readers with medical background, com- 
puter scientists may benefit from the balanced presentation of imag- 
ing processing and clinical problems. 
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Benign Schwannomas: 
Pathologic Basis for CT 
Inhomogeneities 





Four cases of pathologically proven benign schwannoma were reviewed and the 
histology was compared with the CT appearance. Each tumor was of mixed CT atten- 
uation, which has been thought to be an indication of malignancy. The areas of 
inhomogeneity on CT in these cases may relate pathologically to confiuent areas of 
hypocellularity adjacent to densely cellular or collagenous regions, xanthomatous 
change, and/or regions of cystic degeneration. It is concluded that schwannomas may 
have areas of mixed attenuation on CT, that these areas can probably be explained by 
distinct findings on pathologic examination, and that inhomogeneity can represent 
benign or malignant disease. 


The peripheral-nerve-sheath tumors include the schwannoma (neurilemoma) and 
the neurofibroma. The CT appearance of the schwannoma has not been separately 
characterized; consequently, the literature includes the description of such lesions 
with those of the more common neurofibroma. Attempts have been made to 
differentiate radiologically the benign tumors from their malignant counterparts 
based on their CT appearance [1-4]. Classically, the malignant forms have been 
characterized by CT as tumors of soft-tissue density with areas of inhomogeneity 
(mixed attenuation) [1, 3-5]. This inhomogeneity was believed to be due to tumor 
cellularity adjacent to areas of tumor necrosis and hemorrhage [1-3, 5-7]. 

Since the malignant schwannoma is a rare tumor [8-10], we postulated that 
pathologic conditions other than malignancy accounted for an inhomogeneous 
appearance within a benign schwannoma on CT. In reviewing the pathology of 
these peripheral-nerve-sheath tumors, we observed important differences that can 
explain their CT appearance. We present four cases of pathologically proven benign 
schwannoma in which the CT scan suggested malignancy on the basis of the 
currently accepted criteria of tumor inhomogeneity. This paper attempts to explain 
the observed CT appearance of our cases on the basis of a comparison of the 
radiologic and pathologic findings. 


Subjects and Methods 


We retrospectively studied four patients with solitary thoracic benign schwannomas from 
1983 to 1985 at The George Washington University Medical Center. All patients underwent 
a chest radiograph, contrast-enhanced CT scan, and surgical resection of their tumor. The 
CT scans were done on the GE CT/T 9800 scanner (General Electric, Milwaukee, WI). The 
sections were 1.0 cm thick. 

Two of our patients were men, and two were women. Patient ages ranged from 35 to 47 
years, and half were asymptomatic, their tumors having been found incidentally upon routine 
radiographic examination. The other two patients had associated pain that caused them to 
seek medical attention. 

The radiologic images were reviewed by the radiologists, who noted the inhomogeneous 
CT appearance of each tumor. The pathologist reviewed random slices of these tumors 
microscopically and observed that they had an inhomogeneous nature, consisting of areas of 


142 COHEN ET AL. 


h “Wie, 3 Ee 


cellularity adjacent to areas of hypocellularity. The histologically in- 
homogeneous patterns could be separated into four basic types: (1) 
regions of cystic degeneration, (2) areas of confluent cellularity adja- 
cent to less cellular areas, (3) hypocellular areas adjacent to dense 
bundles of collagen, and (4) xanthomatous regions. The pathologist 
documented that some of these features predominated in each of 
Our Cases, which could explain their inhomogeneous CT appearance. 


Results 


The contrast-enhanced CT scans showed the tumors to be 
inhomogeneous (see Figs. 1A, 2A, 3A, and 4A). The lesions 
were fairly well demarcated and lacked calcifications. Bone 
changes were present in only one case (see Fig. 2A). 
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Fig. 1.—A, Cervical CT scan with con- 
trast enhancement showing benign 
schwannoma (arrows) displacing carotid 
artery anteriorly and jugular vein antero- 
laterally. Peripherally the mass is more 
cellular (C), having a CT attenuation of 
soft-tissue density. Center of tumor is of 
lower density (H). Bones are unaffected. 
B, Microscopic section (H and E x40) 
from tumor seen in A. Region of cystic 
degeneration (H) is seen within relatively 
more cellular area (C). 


Fig. 2.—A, Contrast-enhanced CT 
scan of thorax demonstrating well-de- 
fined pleural-based paraspinal mass of 
mixed attenuation (arrows). There is ap- 
parent thinning of adjacent bones. Area 
of low density (H) measures —0.85 and 
abuts adjacent denser area (C). B, Path- 
ologic section (H and E, x25) from tumor 
seen in A showing benign schwannoma 
with sparsely cellular area (H) adjacent to 
dense area of cellularity (C). 


Fig. 3.—A, Magnified CT section 
through thoracic mass, which is well de- 
fined and contains dense (C) and hypo- 
dense (H) regions. B, Pathologic section 
(H and E, x40) of tumor seen in A show- 
ing benign schwannoma with fibrillar, 
sparsely cellular area (H) adjacent to 
densely cellular area with collagen (C). 
Similar areas H and C are demarcated on 
CT image seen in A. 


At surgery, the tumors were found to be encapsulated and 
freely resectable. They were all diagnosed as benign schwan- 
nomas. In Figures 1B, 2E, 3B, and 4B, pathologic sections 
corresponding to the respective tumors seen in Figures 1A, 
2A, 3A, and 4A are shown. The histologic features of these 
sections are compared with the inhomogeneities seen on CT 
examination. 


Discussion 


There has been a tendency in the literature to combine all 
peripheral-nerve-sheath tunors when discussing their CT ap- 
pearance. Descriptions of schwannomas have been derived 
from those of neurofibromas. This is especially true when 
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Fig. 4.—A, Thoracic CT scan demon- 
strating soft-tissue density mass of mixed 
attenuation (arrows). The inhomogeneity 
is less apparent here than in other cases; 
however, this is somewhat more evident 
when compared with adjacent chest-wall 
muscles (arrowheads). Mass is well cir- 
cumscribed and there are no associated 
bony changes. B, Pathologic section (H 
and E, x100) from benign schwannoma 
seen in A. Note predominately xanthom- 
atous (fatty) features, which may account 
for central lucency seen on CT image in 
A. 


differentiating benign from malignant lesions. 

The CT appearance of schwannomas has been described 
as a well-circumscribed, homogeneous mass of soft-tissue 
density. Kumar et al. [3] described two schwannomas that 
appeared as homogeneous low-density masses on CT, and 
ascribed their low-density nature to their lipid content. In 
addition, Powers et al. [2] described a schwannoma that 
appeared on CT as a cystic mass. However, this finding was 
not explained. 

Schwannomas are peripheral-nerve-sheath tumors that mi- 
croscopically may be composed of both Antoni type A (cellular 
pattern) and Antoni type B (sparsely cellular pattern) areas. 
Our cases, like those described in the literature [9, 10], 
revealed both Antoni type A and type B areas within each of 
the tumors. In the Antoni type B areas, apart from the 
hypocellularity, there can exist the additional histopathologic 
features of cystic degeneration or xanthomatous change. 

Pathologic examination of our specimens showed that 
every tumor had one or more of the histologic features 
described below. First, it was observed that there were 
confluent areas of hypocellularity adjacent to more cellular 
tumor regions (Fig. 2B). Second, schwannomas characteris- 
tically undergo cystic degeneration due to vascular thrombo- 
sis and subsequent necrosis [9, 10], as is the case of the 
histology shown in Figure 1B. Third, we observed areas of 
decreased cellularity adjacent to areas of cellularity with dense 
bundles of collagen (Fig. 3B). And finally, the schwannomas 
had xanthomatous regions, which are a common feature of 
these tumors macroscopically [9, 10]. On microscopic ex- 
amination, these areas have been described as containing 
aggregates of lipid-laden (foam) cells [9, 10], as shown in 
Figure 4B. The presence of these features, separately or in 
some combination, appears sufficient to account for the in- 
homogeneous appearance of schwannomas on CT exami- 
nation. 

In contrast to the schwannoma, the pure neurofibroma is a 
solid tumor macroscopically. Areas of cystic degeneration, 
hypocellularity, and xanthomatous material are uncommon 
features of neurofibromas [9, 10]. Calcifications and bony 
changes are seen more frequently with neurofibromas than 
with schwannomas. 

The inhomogeneous patterns seen histologically in the tu- 
mors in our cases provide a basis for explaining the inhomo- 
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geneous CT appearance noted. It has been suggestec in the 
literature [5, 6, 8] that the CT finding of inhomogeneities 
suggests malignancy in neurogenic tumors, especially in pa- 
tients with neurofibromatosis. However, our cases demon- 
strate that benign schwannomas can also be nonhomoge- 
neous on CT examination. We have presented histologic 
evidence that suggests that the low-density areas and inhom- 
ogeneities in schwannomas are due to hypocellular areas 
adjacent to more cellular regions and/or hypocellular areas 
adjacent to dense bundles of collagen, xanthomatous for- 
mation, and cystic degeneration within the tumors. 
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The Selection and Performance of Radiologic Equipment. Edited by William R. Hendee. Baltimore: Williams & 


Wilkins, 263 pp., 1985. $48.50 


This book woutd be of great benefit to the radiotogist, the physicist, 
and technologists who are responsible for purchasing and maintaining 
radiologic equipment. Six of the chapters and one appendix are 
divided into sections that discuss equipment Involved with: 1) roent- 
genography (x-ray generators, x-ray tubes, fluoroscopic imaging sys- 
tems); 2) nuclear medicine (scintilatton cameras, computer-assisted 
Imaging); 3} ultrasound (static, real-time); 4) CT; and 5) radiation 
therapy (treatment and planning). The equipment is discussed in light 
of clinical needs, personnel, performance specifications, faciity prep- 
aration, acceptance testing, quality assurance, preventive and cor- 
rective maintenance, future prospects, and basic principles of the 
imaging process. There are also chapters on “Justifying the purchase 
of radiologic equipment” and “Development and selection of a bid”. 
At the end there are two appendices on “Brief description of radiologic 


modalities” and “Types of CT-scanner geometries”. 


Clearly the authors have had a tremendous amount of experience 
in dealing with the all of the equipment mentioned above. Radiology 
departments would benefit by following the detailed procedures listed 
in this book. The figures, diagrams, tables, and charts were carefully 
done and aided in understanding the text. However, a few tables 
mentioned in the text were not conveniently located for the reader. | 
especially enjoyed the illustrations in the acceptance-testing chapter, 
which Included oscilloscope tracings, circuit diagrams, KV vs time 
plots, examples of test images, and equipment arrangements. 

Tood Richards 


University of Washington 
Seattle, WA 98195 


The Fundamentals of X-ray and Radium Physics, 7th edition. By Joseph Selman. Springfield, IL: Thomas, 632 


pp., 1985. $29.75 


The seventh edition of this thick volume updates such topics as 
the air gap principle, use of beam-imiting devices and compensation 
filters, the basic principles of CT, and calculation of organ doses in 
radiography. Beam filtration for patient protection has also been 
updated to conform to recent NCRP recommendations. 

Thirty years ago, | used the 3rd edition of this text to teach physics 
to student technicians. The faculty at three of four x-ray technology 
schools in St. Louis still use it for at least part of the radiologic 
physics taught to their students. The reason for the continued pop- 
ularity of this text is Dr. Selman’s explanations of radiologic physical 
principles in simple, even conversational English. However, some 
explanations are verbose as a result of this effort. 

Other features that detract from the book’s value are topics that 
are archaic today. These include the use of the “right hand rule’, 
construction of open core transformers, the function of the choke 
coll, and “why an electric motor works". The operation of the Anger 


gamma camera shouid be allowed more than one sentence when 
two pages are used to describe the rectilinear scanner. Some discus- 
sion of sonography and the fundamental principles of operation of 
MRI equipment should be mentioned. The section on radium physics 
should be deleted. 

The book has major strengths and some serious weaknesses. 
Major portions should be completely rewritten, and the book probably 
shoukd be retitled The Fundamentals of Radiologic Physics for Stu- 
dents of Technology. in the process, however, the uniqueness of Dr. 
Selman’s approach should not be lost. His ability to render compl- 
cated concepts in words of few syllables and easily understood 
phraseology is priceless in this highly technological society. 

C. R. Markivee 


St. Louis University School of Medicine 
St. Louis, MO 63625 
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The Normal Nasopharyngogram 


F. Y. Khoo, R. Kanagasuntheram, K. B. Chia, W. S. Lee, A. T. Teo, and H. W. Ng 


Nasopharyngography has been performed since the 1930s 
[1], but views were limited to the submentovertical and lateral 
projections. We developed a method of contrast radiography 
coupled with cinefluorography and cineradiography [1] that 
enabled us to visualize the nasopharynx in the anteroposterior 
projection. This study is based on the nasopharyngograms of 
85 normal adults, most of whom were Chinese. 

The technique of nasopharyngography has been described 
in detail [1]. An emulsion of micropaque (25%), sodium car- 
boxymethyl cellulose (1.5%), and water (73.5%) is instilled 
into the nasopharynx under fluoroscopic control with the 
patient in the supine position. After a few milliliters are intro- 
duced, the patient is instructed to swallow while cinefluoro- 
graphic and radiographic exposures are made. Radiographs 
are taken in the anteroposterior, oblique, lateral, and submen- 
tovertical positions. Double-exposure films made before and 
after the patient says “EE” are also made. 

Barium first collects along the medial portion of the naso- 
pharynx as an elongated column called the “central canal.” 
There is marked contractibility of the nasopharynx so that it 
contracts and expands markedly. Subsequently, the lateral 
pharyngeal recesses, and eustachian fossae fill. The two may 
show remarkable degrees of contractibility [2, 3]. A short 
groove may exist at the superolateral portion of the naso- 
pharynx (the lateral channel), which may be seen in some 
anteroposterior nasopharyngograms. 

Photographs of anatomic sections of the nasopharynx in 
the coronal, sagittal, and transverse planes are shown in 
Figures 1, 2, and 3. Anatomic details are better seen in these 
than on the molds of the nasopharynx illustrated in Figures 4 
and 5. 

On anteroposterior projects (Figs. 6-9), contractibility of 
the nasopharynx is evident. The size and shape of the lateral 
pharyngeal recesses and the eustachian fossae change, de- 
pending on the state of distension and contraction [2, 3]. 


On the lateral view, the nasopharynx is funnel-shaped and 
the eustachian fossae appear as oval densities (Figs. 10-13). 
During contraction, large lateral recesses point downward 
and forward. Occasionally, Passavant’s muscle causes a 
slight indentation along the upper portion of the posterior wall 
of the nasopharynx. 

In submentovertical projections, the concave contour of the 
lateral walls of the nasopharynx is evident (Figs. 4-6). Large 
eustachian fossae are triangular or T-shaped. The lateral 
pharyngeal recesses point backward and to the side. There 
may be grooves in the pharyngeal tonsils. 

Cinefluorography is useful to show the contractibility of the 
nasopharynx. The nasopharynx widens after swallowing, with 
filling of the lateral pharyngeal recesses and eustachian fos- 
sae. Anteroposterior projections show that the nasopharynx 
consists of two chambers; a wide upper one and a narrow 
lower one. 
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Fig. 1.—Anterior view of coronal section of naso- Fig. 2.—Lateral view of nasopharynx in sagittal Fig. 3.—Transverse section of nasopharynx show- 
pharynx made through choanae. Protuberances at section. Lateral boundary (black arrow) of choana is ing upper choanae and roof of nasopharynx viewed 
lateral aspects are tubal elevations (arrow). Palate, seen as near-vertical ridge behind middle and inferior from below. Two grooves in roof’s middle are those 
oral cavity, and tongue are below. conchae. In center is eustachian fossa (open arrow), of pharyngeal tonsil. Lateral walls of nasopharynx are 

which is triangle-shaped. Tubal elevation is above well seen. 
and behind fossa, behind which is a deep lateral 

pharyngeal recess. Depression at superolateral por- 

tion of nasopharynx represents lateral channel. 


Fig. 4.—Mold of nasopharynx viewed from in front. 
Two oval projections anteriorly represent choanae. The 
small lateral earlike projections posterolateral to choanae 
represent eustachian fossae. Large posterior lateral pro- 
jections are large lateral pharyngeal recesses. 


Fig. 5.—Mold of nasopharynx viewed from side. 
Choanae are in front. Small projection behind inferior 
portion of choana represents eustachian fossa. Large 
projection posteriorly is large lateral pharyngeal recess. 
Details are poor compared with nasopharyngograms. 
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Fig. 7.—Anteroposterior nasopharyngogram 
showing pronounced granulations or lymphoid tissue 
of tubal elevation (open arrow). Blaek arrow points to 
small eustachian fossa. 


Fig. 6.—A, Anteroposterior nasopharyngogram. The /ong black arrow points to central canal. The short 
black arrow points to eustachian fossa. Nasopharynx roof is rectangular in shape, with lateral channel at 
its superolateral corner. B, Markedly contracted nasopharynx. Black arrow shows pronounced contraction 
of eustachian fossa. Roof is also contracted, showing lateral channel as spikelike projection lateral to open 
arrow. 





A 


Fig. 9.—Anteroposterior nasopharyngogram 
Fig. 8.—A, Anteroposterior nasopharyngogram showing an unusual configuration. Open arrow shows showing another variation with large pharyngeal re- 
large lateral recess, and black arrow shows small projection of eustachian fossa. Tubal elevation lies Cesses (arrow). Nasopharynx roof is convex. 
between two arrows. B, Phase of contraction. Lateral pharyngeal recesses are moderately contracted and 
smaller. Eustachian fossa (arrow) is larger. 


A 


Fig. 10.—A, Lateral nasopharyngogram. Nasopharynx is overfilled showing large 
lateral pharyngeal recess (arrow). B, Narrow nasopharynx. Contraction of large lateral 
pharyngeal recess produces curved shadow inferiorly, which points forward (arrow). 


Fig. 12.—Lateral nasopharyngo- 
gram showing fine crypts (arrows) 
caused by abundant lymphoid tissue. 


Fig. 13.—Double-exposed lateral 
nasopharyngogram made before and 
after patient said “EE.” Lighter anter- 
oinferior part shows nasopharynx be- 
fore contraction (white arrow), and 
open arrow points to marked degree 
of elevation of soft palate when pa- 
tient was saying “EE.” 





Fig. 14.—Submentovertical nasopha- Fig. 15.—Submentovertical nasophar- 
ryngogram showing filling of eustachian yngogram. Eustachian fossa is T-shaped 
fossa (open arrow) and of lateral pharyn- (open arrow), and lateral pharyngeal 
geal recesses (black arrows). recesses are large and pointed 

(black arrow). 








Fig. 11.—Lateral nasopharyngogram 
showing large eustachian fossa (open ar- 
row) and medium-size lateral recess 
(black arrow). Between these structures 
is tubal elevation. 





Fig. 16.—Jouble-exposed submen- 
tovertcal nasopharyngogram; before 
contraction (black arrow) and after patient 
Said “EE” (ope.7 arrow). Projection behind 
black arrow represents lateral pharyngeal 
recesses. 
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The Carcinoid Syndrome: 
Palliation by Hepatic Artery 
Embolization 





A group of 25 patients with malignant carcinoid syndrome underwent hepatic artery 
embolizations to palliate the symptoms of this syndrome. Twenty-three patients could 
be evaluated: 20 (87%) of them responded to embolization with a median response 
duration of 11+ months, one (4%) did not respond, and two (9%) died o` complications 
from the embolization. The symptomatic responses correlated with two variables: (1) a 
decrease in the extent of the hepatic metastases in 17 of the 18 patients who had 
follow-up hepatic imaging, and (2) a decrease in the urine 5-hydroxyindoleacetic acid 
values to a mean of 41% of pretreatment levels in the 18 patients for whom this test 
was available. Hepatic artery embolization provides the most effective treatment for the 
carcinoid syndrome and the hepatic metastases. Periodic embolizations will maintain 
clinical remissions for prolonged periods of time. 


Carcinoids are relatively rare neuroendocrine neoplasms that usuelly originate in 
the appendix, small bowel, rectum, and bronchi, and less frequently in the stomach, 
duodenum, biliary tract, pancreas, and ovary [1]. These tumors were originally 
considered to be benign, but it is now known that extraappendiceal carcinoids— 
particularly those arising in the small bowel—are frequently malignant [2]. Malignant 
carcinoids may secrete pharmacologically active substances such as serotonin, 
kallikrein, substance P, and prostaglandins, which have been implicated in the 
production of the carcinoid syndrome. The symptoms are cutaneous flushing, 
diarrhea, and wheezing, and may, less frequently, include fibrosis of the pulmonic 
and tricuspid valves, arthropathy, psychiatric symptoms, and pellagra. At least 
some of the secretion products are metabolized by the liver during the first pass, 
so that gastrointestinal carcinoids almost never produce the syrdrome in the 
absence of hepatic metastases [3]. 

The carcinoid syndrome may be extremely incapacitating, and various forms of 
palliative therapy have been employed. Many pharmacologic agents including 
adrenergic blockers, kinin and serotonin antagonists, and corticosteroids have 
been used with limited success in attempts to neutralize the effects of the active 
substances secreted [4]. Because the presence of hepatic metastases usually 
determines the occurrence of the carcinoid syndrome and probably also the length 
of survival in most patients, it is logical that antineoplastic therapy should be 
directed primarily against liver secondaries to improve the symptoms and attempt 
to prolong survival. Surgical resection of the hepatic metastases appears to be the 
best palliative treatment for patients with localized disease [5-7]. Ir patients with 
unresectable hepatic metastases, interferons [8-10] and chemotherapeutic agents 
[11-20] have yielded relatively low response rates. Chemotherapy ^as also been 
administered intraarterially and, at times, in conjunction with ligation of the hepatic 
artery [21-23]. The best responses have been achieved with hepatic artery 
embolization [24-33] and surgical devascularization of the liver [34-39], alone or 
in combination with arterial or systemic infusion of chemotherapeutic agents [21, 
23, 40-44]. Unfortunately, these responses are of relatively short duration. In order 
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to prolong the remission of the carcinoid syndrome achieved 
by embolization of the hepatic artery, we have performed 
periodic embolizations in 25 patients with this disease. 


Materials and Methods 
Materials 


The medical records of 25 patients with the carcinoid syndrome 
who were treated with hepatic artery embolization from January 1981 
to October 1985 were reviewed retrospectively. Seven of these 
patients had been included in a previous report [32]. In all 25 patients, 
there was histologic documentation of primary or metastatic carci- 
noids and elevated urinary excretion of 5-hydroxyindoleacetic acid 
(S-HIAA). This report does not include patients who had hepatic 
metastases from carcinoid tumors but did not have the carcinoid 
syndrome or patients who had the syndrome but did not have an 
elevated urinary excretion of 5-HIAA. There were 15 men and 10 
women; the median age was 58 years (range: 23-69). The sites of 
the primary neoplasms were the small bowel (16 patients), bronchus 
(4 patients), colon (1 patient), and pancreas (1 patient). The primary 
site was unknown in three patients. In 24 patients, the median 
duration of symptoms before hepatic artery embolization was 1 year 
(range: 1 month to 20 years); in one patient, it was not documented. 
Extraabdominal metastases were present in three patients with bron- 
chial carcinoids and in four patients with gastrointestinal carcinoids. 
Ten patients had right-sided cardiac valvulopathy. Eight patients had 
received chemotherapy before embolotherapy. Three patients re- 
ceived chemotherapy in combination with or after the start of embo- 
lotherapy. 


Technique 


Embolization was performed after selective catheterization and 
angiography of the hepatic artery or one of its branches [45]. The 
embolic materials used consisted primarily of Ivalon (Unipoint Labo- 
ratories, High Point, NC) particles measuring 150 to 590 um. Gelfoam 
(Upjohn, Kalamazoo, MI) pieces and coils were used to occlude 
collateral vessels (inferior phrenic, gastroduodenal, and inferior pan- 
creaticoduodenal arteries) after peripheral embolization with Ivalon. 
Patency of the main trunks of the hepatic artery was maintained to 
allow repeated peripheral embolizations. The first embolization was 
limited to one lobe in 21 patients and encompassed both lobes in the 
remaining four patients. Subsequent embolizations were performed 
to both hepatic lobes in all 19 patients in whom the procedure was 
repeated. Embolization through collateral vessels was performed in 
four patients because of partial or complete occlusion in the main 
branches of the hepatic artery caused by previous embolizations. 

Seventy-nine embolizations were performed in the 25 patients, 
ranging from 1 to 8 (median = 3) embolizations per patient. Six 
patients underwent a single embolization, and the remainder were 
embolized at intervals of 1 to 3 months for the first two to three 
times; subsequently, the intervals varied depending on the clinical 
response. 

A response was defined as symptomatic improvement of the 
carcinoid syndrome. In addition, follow-up hepatic angiography in 19 
patients, CT in 9 patients, and urine 5-HIAA values in 19 patients 
were available for comparison to the preembolization studies and 
were correlated with the symptomatic response. 


Results 


The results of the study are given in Table 1. Twenty-three 
of the 25 patients could be evaluated: 20 (87%) experienced 
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symptomatic improvement and were considered responders, 
one patient (4%) did not respond, and two patients (9%) died 
of complications from the embolization. Two patients could 
not be evaluated: both underwent a single episode of hepatic 
artery embolization and were subsequently lost to follow-up. 
The median follow-up time for the 21 patients who could be 
evaluated and survived the procedure was 16 months (range: 
1-50 months). 

The median duration of the response in the 20 responders 
was 11+ months (range: 1-50 months). Responses were 
subjectively categorized as excellent in 14 (70%) and mod- 
erate in 6 (30%) patients. Objective correlation of the symp- 
tomatic response with hepatic imaging or urine 5-HIAA values 
was available in 18 patients. In 17 of the 18 responders who 
had follow-up hepatic imaging, there was a decrease in the 
extent of the hepatic metastases (Figs. 1 and 2); in the 
remaining patient, the hepatic metastases did not change 
significantly but there was a decrease in urine 5-HIAA values. 
The urine 5-HIAA values decreased after embolization in all 
18 responders for whom this test was available; the mean of 
the lowest values was 41% (range: 8-67%) of the preembol- 
ization levels. Objective documentation of the response by 
either hepatic imaging or urine 5-HIAA excretion testing was 
not available for two responders, both of whom were lost to 
follow-up 1 month after their first embolization. 

Four of the 20 responders experienced a recurrence of 
symptoms an average of 14 months (range: 9-23 months) 
after the first embolization. These patients had not been 
embolized for a mean of 9 months (range: 8-11 months) 
before relapse. One patient responded to subsequent embo- 
lizations; one’s tumor continued to progress, one remained 
stable, and one was lost to follow-up. 

Systemic chemotherapy administered to two patients after 
the start of embolotherapy did not yield any response. One 
patient who also received intraarterial chemotherapy in con- 
junction with embolization could not be evaluated. 

Fifteen patients are alive at a median of 16 months (range: 
1-50 months), and eight patients died at a median of 8 months 
(range: 5 days—22 months) after their first embolization. 

All patients suffered the postembolization syndrome con- 
sisting of abdominal pain, nausea, vomiting, and fever, usually 
lasting from 3 to 10 days after the first embolization. These 
symptoms, however, decreased in severity with subsequent 
embolizations so that by the third episode, most of the 
patients had an uneventful postembolization course. The first 
embolization also precipitated intense episodes of flushing in 
most of the patients, and five of these also experienced 
hypertensive crises that did not usually last beyond the pro- 
cedure. These five patients required administration of anti- 
hypertensive agents for control of the hypertension. 


Discussion 


Embolization of the hepatic artery resulted in improvement 
of the carcinoid syndrome in 20 (87%) of the 23 patients who 
could be evaluated, with a median duration of response of 
11+ months. Excluding the two patients (9%) whose deaths 
were precipitated by the procedure, only one of 21 patients 
failed to respond to embolization. The response rate in our 
series is comparable to that reported in other series [24- 
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TABLE 1: Results of Hepatic Artery Embolization in 25 Patients with the Carcinoid Syndrome 











5-HIAA Level 


Case No. : - No. of - : Survival 
(age, fer) Primary Site HAEs = jaca! Hepatic Imaging seni (months) 
RESPONDERS 

1 (44, M) Small bowel 8 105 27 Improved 39 3€ (a) 

2 (65, F) Small bowel 3 60 21 Improved 25 25 (a) 

3 (60, F) Small bowel 7 302 99 Improved 21 21 (a)* 

4 (66, M) Small bowel 4 97 23 Improved 16 16 (a) 

5 (45, M) Small bowel 5 423 35 Improved 50 50 (a) 

6 (42, F) Small bowel 5 429 116 Improved 16 16 (a) 

7 (33, F) Small bowel 3 191 101 Improved 38 38 (a) 

8 (69, F) Small bowel 2 323 134 Improved 2 2 (a) 

9 (53, F) Small bowel 2 165 110 Improved 1 1 (a) 
10 (54, F) Small bowel 3 89 54 Improved 11 LTF 22 (d) 
11 (59, M) Small bowel 1 325 NA NA 1 LTF’ 
12 (69, F) Small bowel 1 163 NA NA 1 LTF 
13 (66, M) Cecum 5 279 150 Improved 14 LTF 18 (a) 
14 (23, F) Pancreas 2 21 10 Unchanged 1 6 (d) 
15 (65, M) Bronchus 6 127 23 Improved 34 40 (a, p) 
16 (57, M) Bronchus 2 41 17 Improved 2 2 (a) 
17 (68, M) Bronchus 2 228 T23 Improved 4 4 (a) 
18 (58, M) Bronchus 2 230 149 Improved 1 1 (a) 
19 (50, M) Unknown 3 39 21 Improved 2 2 (a) 
20 (57, M) Unknown 6 338 85 Improved 12 LTF 16 (d) 
NONRESPONDERS AND PATIENTS WHO COULD NOT BE EVALUATED 
21 (49, M) Small bowel 3 147 >147 Progression 8 (d) 
22 (62, M) Small bowel 1 1113 LIF 11 (d) 
23 (59, F) Small bowel 1 239 LIF 
24 (59, M) Small bowel 1 230 Death post-HAE 
25 (51, M) Unknown 1 399 Death post-HAE 





Note.—HAE =hepatic artery embolization; 5-HIAA = 5-hydroxyindoleacetic acid; a = alive; d = dead; p = progressive disease; NA = not available; LTF = lost to follow-up. 


* progression of extrahepatic disease. 
> refused furthemHAE. 





Fig. 1.—A, CT before embolization. Hepatic metastases in right lobe and 
medial segment of left lobe. B, CT 1 month after first embolization. Hepatic 
metastases have become more apparent because of decrease in their atten- 


26], which usually consisted of single episodes of emboliza- 
tion. Although the median duration of the response in these 
other series is not clear, it is logical to assume that longer 
periods of clinical remission can be achieved through periodic 
embolizations. 

The results of hepatic artery embolization compare favor- 
ably with those achieved by surgical devascularization of the 
liver. In a review of the literature through 1982, Moertel [4] 
found 32 cases of surgical ligation of the hepatic artery for 


uation coefficient due to necrosis. Better definition of margins. C, CT after 
three embolizations, 9 months after first treatment. Lesion in rignt lobe is barely 
discernible even at low-window level. Other metastasis is considerably smaller. 


treatment of the carcinoid syndrome. Eighteen patients (56%) 
experienced striking improvement or complete clinical remis- 
sion, whereas seven (22%) died in the postoperative period. 
In another series of 10 patients with metastatic carcinoid 
tumors who underwent ligation of the hepatic artery [7], eight 
showed symptomatic improvement with a cecrease in the 
urinary excretion of 5-HIAA to less than 50% of tne pretreat- 
ment levels. The median duration of response was 5 months. 
There was one postoperative death. 
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A 


More recently, occlusion of the hepatic artery by surgical 
ligation or embolization combined with systemic chemother- 
apy (doxorubicin, dacarbazine, 5-fluorouracil, and streptozo- 
tocin) was reported to result in striking or complete sympto- 
matic relief of the carcinoid syndrome in nine of 10 patients 
[40]. The median duration of response was 6+ months. 

Chemotherapeutic agents alone have generally not been 
as effective in controlling the symptoms or the hepatic metas- 
tases of the carcinoid syndrome. The best reported results 
have been achieved with a combination of methotrexate and 
cyclophosphamide, yielding a response in six of 11 patients 
[12]. However, this same drug combination did not result in 
any responses in a larger series [19]. The combination of 5- 
fluorouracil and streptozotocin administered at 6-week and 
10-week intervals yielded response rates of 33% in 42 pa- 
tients [15] and 22% in 86 patients [20], respectively. The 
combination of streptozotocin and doxorubicin resulted in 
four responses in a group of 10 patients [17]. 

After proximal embolization of the hepatic artery such as 
that performed with stainless steel coils (which is analogous 
to surgical ligation), the peripheral hepatic arterial circulation 
is almost instantly reconstituted through collateral vessels. 
This effect is used advantageously to redistribute blood flow 
to a single vessel when arterial infusion of chemotherapy is 
performed in the presence of aberrant hepatic arteries [46]. 
On the other hand, we have observed that embolization with 
particulate embolic materials, such as Ivalon or Gelfoam, 
produces a longer-lasting arterial occlusion and thus results 
in a much greater antineoplastic effect. Within approximately 
72 hr, however, intrahepatic collateral vessels reconstitute 
the hepatic arterial circulation. Since most of the blood supply 
to hepatic neoplasms is derived from the hepatic artery [47- 
49], this prolonged period of decreased arterial flow induces 
varying degrees of necrosis of the carcinoid metastases. The 
viability of the normal liver parenchyma is maintained by the 
portal vein, which is responsible for approximately 75% of the 
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Fig. 2.—A, Parenchymal phase of right hepatic 
arteriogram before embolization. Many metastases 
in righ: lobe. B, Parenchymal phase of right hepatic 
arteriogram after one embolization, 2 months later. 
Hepatic metastases have decreased in vascularity, 
size, and number. 


liver's blood supply [50]. A liver biopsy performed during 
resection of the primary tumor in one of our patients who had 
three embolizations demonstrated total necrosis of the met- 
astatic neoplasm. 

The first embolization was usually limited to a single lobe, 
depending on the extent of the hepatic metastases and 
general clinical condition of each patient. We assumed that if 
extensive parenchymal necrosis occurred, hepatic function 
would be preserved by the nonembolized lobe. Subsequent 
embolizations involved both lobes of the liver. Although a 
Single embolization usually results in striking improvement of 
the carcinoid syndrome and reduction of the urine 5-HIAA 
levels, it does not result in complete necrosis of the hepatic 
metastases and, therefore, the procedure needs to be re- 
peated at frequent intervals. After two or three monthly em- 
bolizations, 6-month intervals between subsequent emboli- 
zations are probably adequate to maintain remission. The four 
patients who relapsed had not been embolized for periods of 
8 to 11 months. On the other hand, some of our patients 
continued in symptomatic remission for longer periods of time 
without further embolizations. Therefore, the frequency at 
which the embolizations are performed is primarily dictated 
by the patient’s symptoms. 

Each catheterization of the hepatic artery results in some 
degree of endothelial injury which, combined with the de- 
creased flow resulting from the embolization, predisposes 
different segments of the hepatic artery to thrombosis. This 
may be an impediment to subsequent catheterizations. How- 
ever, embolizations may still be performed by advancing the 
catheter through the thrombus [51] or by catheterizing the 
collateral pathways that reconstitute the hepatic arterial cir- 
culation beyond the occluded segment [52]. 

Our patients were not routinely premedicated to counteract 
the effects of the active substances released during the 
embolization. However, some of the patients were being 
treated with cyproheptadine at the time of the embolization. 
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None of the patients received prophylactic antibiotics, and no 
infectious-complications occurred. Bradykininergic crises with 
intractable hypotension did not occur in any of our patients. 
Infarction of the gallbladder was probably responsible for most 
of the pain experienced by our patients in the postemboliza- 
tion period, but this event appears to be self-limiting and 
otherwise well tolerated [53, 54]. 

Two patients, in whom hepatic function was already se- 
verely impaired by metastatic disease, died of hepatic failure 
worsened by the embolization within 7 days of the procedure. 
In retrospect, these two patients should not have been can- 
didates for embolization because of their extensive hepatic 
metastatic disease. In a previous review of 310 patients 
treated with hepatic artery embolization for a variety of hepatic 
neoplasms at The University of Texas M. D. Anderson Hos- 
pital and Tumor Institute at Houston, we observed that 18 
patients died of hepatorenal failure in the immediate postem- 
bolization period. All 18 patients were distinguished by the 
extent of their hepatic metastatic disease: replacement of 
more than 50% of the liver by tumor, serum lactic dehydro- 
genase above 425 mU/ml, serum glutamic oxaloacetic trans- 
aminase above 100 mU/ml, and bilirubin above 2 mg/dl. These 
conditions were observed in only two of 292 patients who 
survived the immediate postembolization period (unpublished 
data). Therefore, we now feel that embolization is contraindi- 
cated in patients who fulfill all the criteria listed above. 

Hepatic artery embolization provides the most effective 
treatmentfor the hepatic metastases and carcinoid syndrome. 
This procedure yields the highest response rates and when 
repeated periodically will maintain clinical remissions for pro- 
longed periods of time. However, the eventual occlusion of 
the main trunks of the hepatic artery and its collaterals will 
not allow continuation of the embolizations indefinitely. Be- 
cause of the usually prolonged course of the disease, it is 
difficult to determine the impact of hepatic artery embolization 
on survival. Moreover, the extrahepatic disease that remains 
untreated could eventually determine the clinical outcome. 
Therefore, the need remains for more effective chemothera- 
peutic agents. 
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Fine Needle Aspiration 
Biopsy: The Role of Immediate 
Cytologic Assessment 





Fifty-two thoracic and 89 abdominal aspiration biopsy specimens assessed immedi- 
ately by microscopic examination were evaluated prospectively. These biopsies were 
compared retrospectively with an equal number and type of biopsies that were not 
assessed immediately by microscopic examination. The comparison was made to 
determine whether the diagnostic accuracy and the complication rates of fine needle 
aspiration cytology would be improved by immediate microscopic assessment. The 
accuracy of fine needle aspiration biopsy with and without immediate cytologic assess- 
ment for the thoracic aspirates was 92% and 85%, and for the abdominal aspirates it 
was 74% and 81%, respectively. The complication rates with and without immediate 
assessment for the thoracic aspirates was 40% and 35%, and for the abdominal 
aspirates it was 7% and 6%, respectively. Immediate cytologic assessment did not 
change the accuracy or complication rates of fine needle aspiration biopsy significantly, 
but we believe that it provided greater educational benefits for fellows and staff in 
cytopathology and interventional radiology. 


Fine needle aspiration (FNA) cytology is a simple and cost-effective procedure 
for obtaining a tissue diagnosis [1-6]. It is often the diagnostic procedure of choice 
for intrathoracic and intraabdominal lesions, particularly when other routine nonin- 
vasive procedures have provided little diagnostic information. 

Although the calculated diagnostic accuracy of thoracic and abdominal FNA is 
good, ranging from 74% to 97% [4] and 69% to 100% [1], respectively, false- 
negative and false-positive diagnoses sometimes occur. For maximizing the accu- 
racy of FNA, immediate microscopic evaluation of the aspirate for specimen 
adequacy has been advocated [7-12]. If the microscopic examination demonstrates 
an inadequate specimen or indicates that additional studies are required, the 
aspiration can be repeated immediately. 

We investigated whether immediate cytologic assessment of specimen ade- 
quacy, with the option for rebiopsy, would lead to a significant improvement in 
diagnostic accuracy and complication rates. 


Materials and Methods 


All aspiration biopsies were performed on inpatients or outpatients at The University of 
Texas M. D. Anderson Hospital and Tumor Institute under radiologic guidance (fluoroscopy, 
sonography, or CT) by fellows and residents supervised by radiology staff experienced in 
FNA technique. The microscopic evaluation for specimen adequacy was performed in the 
Department of Diagnostic Radiology by cytopathology fellows under the supervision of staff 
cytopathologists. 

Fifty-two thoracic and 89 abdominal FNA biopsies that were assessed immediately were 
performed consecutively from July through December 1983 and analyzed prospectively. 
These aspirates were compared with an equal number of consecutive FNA biopsies obtained 
during a 6-month period the previous year. Immediate cytologic assessment Nad not been 
employed after obtaining the earlier biopsies, which were analyzed retrospectively. Table 1 
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TABLE 1: Fine Needle Aspiration Blopsies 





With ICA Without ICA? 

Thoracic 
Lung 41 40 
Pleura 8 8 
Mediastinum 1 4 
Chest wall 2 0 
Total 52 52 

Abdominal 
Liver 23 16 
Lymph nodes 14 18 
Kidney 6 17 
Adrenal 8 8 
Pancreas 7 9 
Masses 31 21 
Total 89 89 





lists the biopsies and respective body sites evaluated whether with 
or without immediate cytologic assessment, for both the transthoracic 
and the transabdominal groups. 

The biopsy and processing techniques have been described pre- 
viously [13]. Tissue specimens were aspirated with spinal-type 
needies of various lengths and gauges (most commonly 21 or 22 
gauge), although occasionally a cutting needle was used as an 
adjunct for obtaining material for touch preparations. For aspirations 
assessed immediately, a single pass was made Into the lesion, and 
a portion of the material was expressed on one or more slides, which 
were then smeared, fixed, and stained with a rapid Papanicoiaou's 
stain. The slides were examined microscopically to assess specimen 
adequacy, which was defined as the procurement of a sufficient 
number of cells from a specific organ, with cytomorphologic features 
consistent with, or supportive of, the clinical and radiologic diagnoses. 

Adequacy was not synonymous with diagnosis: although a speci 
men may have been adequate for diagnostic purposes, an immediate 
diagnosis could not be rendered In some cases. If the cytologic 
specimen was determined to be adequate, the procedure was ter- 
minated. However, if the specimen was considered to be inadequate 
or other studies were indicated, aspiration was repeated a variable 
number of times but was usually limited to three to four attempts 
with microscopic analysis of the specimen after each pass. Any 
additional material not employed for the Immediate cytologic assess- 
ment was placed into cytologic fixative for subsequent routine proc- 
essing. When deemed necessary by the cytopathologist, material 
was also obtained for other studies, such as electron microscopy, 
flow cytometry, surface markers, cytogenetics, and microbiotogic 
cultures. A preliminary cytologic diagnosis was usually available within 
10 min of procurement of the specimen. 

For aspiration biopsies not Immediately assessed cytologically, 
two or more passes were made into the lesion by the radiologist who 
assessed the adequacy of the gross specimen by visual examination. 
The material was placed into cytologic fixative and sent to the 
cytology laboratory for routine processing, which usually required 24 
hr. Because a cytopathologist was not avafiable for immediate con- 
Sultation, requests for additional studies of the sample were deter- 
mined by the radiologist who aspirated the lesion. Data on the exact 
number of passes performed in each group were not available. 
However, although an average number of three passes was routinely 
performed in the group without Immediate pathologic verification, 
considerably fewer passes were done when the pathologist could 
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TABLE 2: Thoracic Needle Asplrates 








With ICA" Without ICA 
(52) (52) 
True positives (TP) 40 33 
True negatives (TN) 8 11 
False positives (FP) 0 0 
False negatives (FN) 4 8 
Sensitivity? 91% 80% 
Specificity’ 100% 100% 
Predictive value of a posi 
tive® 100% 100% 
Predictive value of a nega- 
tive® 67% 58% 
Efficlency' 92% 85% 
* IGA = immediate cytologic assessment. 
>? = 1.90 not significant. Sensitivity = TPATP + FN}: percentage of verified malignant 
lesions detected by cytology. 
° Specificity = TN/(FP + TN}: percertage of verified benign lesions detected by cytology. 


° Predictive value of a positive test = TPATP + FP}: percentage of verified malignant 
A O15) ok E E HTN RG pace tas 
diagnoses. 


of verified benign cytologic 
fyf = 2.48 not significant. Efficiency (accuracy) = (TP + TNY(TP + FP + FN + TN: 
percentage of verified malignant and benign lesions detected by cytology [14]. 


TABLE 3: Abdominal Needle Aspirates 





With ICA Without ICA 
(89) (89) 

True positives (TP) 46 41 
True negatives (TN) 20 31 
False positives (FP) 0 0 
False negatives (FN) 23 17 
Sensitivity” 67% 71% 
Specificity" 100% 100% 
Predictive value of a posi- 

tive" 100% 100% 
Predictive value of a nega- 

tive® 47% 65% 
Efficiency’ 74% 81% 





* ICA = immediate cytologic 


by? m A ec et TPATP + FN}: percentage of verified malignant 
lesions detected by 


cytotogy. 
4 Specificity = TNAFP + TNX percentage of verified benign lesions detected by cytology. 
ge ee TPATP + FP}: percentage of verified malignant 


ns rye = 5.01 io erica a oE TNATN + FN} percentage 
of verified benign cytologic diagnoses. 

ES pct is a eth pe a m (TP + TN\ATP + FP + FN + TNE: 
percentage of verified malignant and benign lesions detected by cytology (15). 


ascertain that an adequate speclmen had been obtained during the 
first or second attempt. Histologic correlation, clinical follow-up, and 
complications of the aspiration procedures were determined by re- . 
view of the clinical records. 


Results 


The overall diagnostic accuracy for thoracic FNA cytology 
was 88% and 78% for abdominal FNA. A summary of the 
biopsy results of both groups, with and without Immediate 
cytologic assessment, appears in Tables 2 and 3. The sensl- 
tivity, predictive value of a negative result, and efficiency of 
thoracic FNA were improved if assessed immediately, but 
these factors were not statistically significant according to 
chi-square analysis. For abdominal FNA, the sensitivity, pre- 
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TABLE 4: Complications of Thoracic Needle Aspirates 








With ICA? Without ICA 
(%) (%) 

Pneumothorax? 18 (35) 15 (29) 
Chest tube“ 4 (8) 6 (12) 
Hemorrhage 4 (8) 1 (2) 
Hemoptysis 3 (6) 1 (2) 
Shortness ef breath 1 (2) O (0) 
Hypotension O (0) 1 @ 
Pain 0 (0) 1 (2) 
Total patients’ 21 (40) 18 (35) 





a ICA = immediate cytologic assessment. 
= 0.40 not significant 
x? = 0.44 not significant. 
4 Some patients had more than one complication. 


TABLE 5: Complications of Abdominal Needle Aspirates 








With ICA? Without ICA 

(%) (%) 
Pneumothorax 2 (2) 0 (0) 
Chest tube 1 (1) 0 (0) 
Hemorrhage 1 (1) 1 (1) 
Syncope” 0 (0) 1 (1) 
Pain 5 (6) 4 (4) 
Total patients“ 6 (7) 5 (6) 





* ICA = immediate cytologic assessment. 
P? Required hospitalization. 
€ Some patients had more than one complication. 


TABLE 6: Negative Initial Aspirate 





Transthoracic? Transabdominal? 

















With Without With Without 
ICAS ICA ICA ICA 
Negative aspirate 12 19 43 48 
Repeat aspirate 1 4 F 4 
Positive 0 2 2 0 
Negative 1 2 5 4 





= 0.83 not significant. 
x? = 1.40 not significant. 
€ ICA = immediate cytologic assessment. 


dictive value of a negative result, and efficiency were slightly 
decreased if the biopsy was assessed immediately; again, 
these differences were not statistically significant. 

The overall complication rate was 38% for thoracic FNA 
and 6% for abdominal FNA. The difference in the complication 
rates between FNA procedures performed with and without 
immediate cytologic assessment was not statistically signifi- 
cant in either the thoracic (x? = 0.37 NS) or the abdominal 
(x? = 0.10 NS) sites (Tables 4 and 5). Most complications 
were of little or no clinical significance. Symptomatology after 
the procedure was limited to pain, hemoptysis, shortness of 
breath, and syncope. 

The incidence of repeat aspiration biopsies after an initial 
negative study and the incidence of subsequent positive 
results in the groups that did or did not undergo immediate 
cytologic assessment did not vary significantly as calculated 
by the chi-square analysis (Table 6). 
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Discussion 


Although immediate microscopic evaluation of the FNA 
specimens to improve diagnostic accuracy has been advo- 
cated, few studies have focused on this aspect. Pak et al. 
[11] analyzed 52 lung aspirations; 37 that were immediately 
assessed cytologically with opportunity for reaspiration and 
15 by the standard single-sample (one-pass only) technique. 
Diagnostic accuracy in their study increased from 86% to 
97% by employing immediate assessment, but this was not 
statistically significant according to chi-square analysis (x* = 
3.28 NS). 

Our results were similar to those obtained by Pak et al. 
[11]. By employing immediate assessment, diagnostic accu- 
racy was Slightly increased for thoracic aspirations and slightly 
decreased for abdominal aspirations. These differences, how- 
ever, were not Statistically significant. The standard technique 
(without immediate assessment) consisted of making two or 
more passes into the lesion, which may have resulted in 
relatively greater accuracy and may account for the lack of 
Statistical difference from the results obtained when immedi- 
ate cytologic assessment was employed. The difference in 
the complication rates in the groups that did or did not 
undergo immediate assessment of the specimen was not 
Statistically significant, although it would be expected that the 
Standard, usually multiple pass, technique should have re- 
sulted in an increased incidence of complications, as nas been 
reported for FNA of pulmonary lesions [15]. Although it was 
not specifically documented, it is our impression that the 
number of passes performed to obtain an adequate cytologic 
specimen was reduced when employing immediate micro- 
scopic assessment. 

The use of immediate cytologic assessment did not signif- 
icantly influence our results in terms of accuracy, complication 
rates, and the incidence of repeat biopsies; however, we 
believe that its implementation at our institution has resulted 
in improved patient care by enabling immeciate selection of 
additional diagnostic tests to render more specific pathologic 
diagnosis. In addition, it has resulted in greater educational 
benefits for both the fellows and staff of our radiology and 
pathology departments. These advantages have led to the 
installation of permanent facilities for the processing of spec- 
imens in the department of diagnostic radiology where cyto- 
pathologists now perform the FNA biopsies of superficial 
lesions (not requiring imaging techniques) as well as immedi- 
ate cytologic assessment of the specimens obtained by the 
radiologists. 
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Percutaneous Biliary Drainage in Diffuse Caroli’s Disease 
(Case Report) 


Steven C. Rose,' David A. Kumpe,' and Richard Weil III? 


Therapy for congenital cystic dilatation of the intrahepatic 
bile ducts, or Caroli’s disease, is difficult because of the 
intrahepatic location of the biliary stasis. The diagnosis carries 
a grave prognosis with a course characterized by recurrent 
suppurative cholangitis, sepsis, intrahepatic abscesses, and 
intrahepatic calcium bilirubinate calculi. If the ductal dilatation 
is associated with hepatic fibrosis, portal hypertension and its 
sequela may be dominant features [1]. A patient with the 
diffuse form of Caroali’s disease complicated by severe recur- 
rent cholangitis was successfully treated by long-term per- 
cutaneous external biliary drainage. This procedure may rep- 
resent a significant alternative to other therapeutic ap- 
proaches. 


Case Report 


A 28-year-old woman was admitted with fever, night sweats, 
nausea, and vomiting of 4-months duration. The diagnosis of Caroli's 
disease with associated congenital hepatic fibrosis and splenomegaly 
was made on the basis of abdominal sonography, CT examinations, 
and percutaneous liver biopsy. The cholangitis initially responded to 
parenteral antibiotics, but six subsequent hospitalizations were nec- 
essary over the next 5 months for recurrent episodes of suppurative 
cholangitis. Endoscopic retrograde cholangiopancreatography con- 
firmed the presence of intrahepatic biliary lithiasis and widespread 
cystic dilatation of the intrahepatic bile ducts. The patient was treated 
with multiple antibiotics, oral chenodeoxycholic acid, and endoscopic 
papillotomy. Six months later, she developed Pseudomonas septi- 
cemia, whieh responded slowly to antibiotics. 

Six months after the first hospitalization, the patient was admitted 
for possible liver transplantation. On the first hospital day, she devel- 
oped massive bleeding from esophageal varices, which stopped 
spontaneously. A 1-week course of parenteral antibiotics did not 
control Psewdomonas sepsis, which became complicated by dissem- 
inated intravascular coagulopathy and marked thrombocytopenia 
(platelet count of 34,000/l). Hepatic venous pressures and inferior 
venacavography showed marked portal hypertension. Abdominal 
sonography and a CT scan (Fig. 1) demonstrated hepatomegaly, 
diffuse intrahepatic cystic dilatation of the biliary tree, pneumobilia, 
splenomegaly, and moderate ascites. 

Approximately 1 month after admission, right-sided percutaneous 
transhepatic cholangiography and biliary drainage were performed 
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during infusion of 10 units of platelets. The tip of an &3-French Ring 
pigtail drainage catheter (Cook Company, Bloomington, IN) was 
placed in the duodenum to dependent drainage. Ne biliary calculi 
were identified. Before the patient’s discharge, the biliary drain was 
removed. 

One month later the patient was readmitted with recurrent cholan- 
gitis. After a 1-week trial of antibiotics failed, right-sided percutaneous 
drainage was performed with a modified Ring catheter terminating in 
the common bile duct. Biliary manometry using tke protocol of 
vanSonnenberg et al. [2] was normal. This implies an absence of 
both functional and mechanical common bile duct obstruction. The 
Ring catheter was subsequently replaced with a more supple polyu- 
rethane Cope loop catheter (Cook Inc., Bloomington, IN) (Fig. 2). 
Intermittent external drainage was not used initially. 

The patient was hospitalized for cholangitis 3 months later and 
again 1 month after that. Both episodes respondec to parenteral 
antibiotics and the placement of the catheter to external drainage. 
After the last episode, the patient was instructed to allow the catheter 
to drain every third night. She continues to keep tne catheter capped 
during the day and to irrigate it daily. Since beginning intermittent 
external drainage 11 months ago, she has remained free of clinical 
cholangitis and has not required hospitalization, except for reposi- 





Fig. 1.—Upper abdominal CT-scan section through liver amd spleen. Cystic 
dilatation of intrahepatic bile ducts. 
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Fig. 2.—Cholangiogram via indwelling, modified Cope loop catheter (small 
arrowheads) with pigtail placed within common bile duct (/arge arrowhead). 
Prominent diffuse cystic dilatation of intrahepatic ducts and free passage of 
contrast agent into duodenum. 


tioning of the drainage tube on one occasion when it was accidentally 
dislodged. 


Discussion 


Therapy for Carolis disease has been difficult, in part 
because of the widespread and largely functional nature of 
the intrahepatic cholestasis. Antibiotic treatment is helpful but 
does not relieve the underlying stasis. A variety of surgical 
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drainage procedures involving the extrahepatic biliary tree 
have been tried, but they have been ineffective because they 
do not relieve the intrahepatic cholestasis [3-5]. Witlin et al. 
[4] presented a case of Caroli’s disease complicated by 
recurrent cholangitis that was successfully managed by sur- 
gical placement of a traishepatic silicone rubber drainage 
tube. Mercadier et al. [1] mentioned using bilateral transhe- 
patic U-tube drainage in conjunction with operative biliary 
stone extraction and Roux-en-Y choledochojejunostomy, but 
they did not give their results. Resection may be curative, if 
the ductal dilatation is limited to one hepatic lobe. The risk of 
liver transplantation is considerably increased by the persist- 
ent intrahepatic infection. 

Long-term percutaneous biliary catheterization with inter- 
mittent external drainage provides intermittent siphoning of 
bile from the intrahepatic biliary tree, which decreases bac- 
terial overgrowth in the stagnant bile. While bacterial coloni- 
zation of the catheter has taken place, this has not been a 
Clinically important problem in our patient. The patient had 
eight episodes of severe cholangitis in the 8 months before 
placement of the long-term biliary drainage catheter, two 
episodes while on internal drainage, and none in the first 11 
months after placement of the catheter to intermittent external 
drainage. 

Biliary access is now available for tube exchange, stone 
extraction, and possibly infusion of antibiotics or agents for 
stone dissolution when necessary. The procedure is relatively 
inexpensive, simple, widely available, associated with low 
morbidity, and well tolerazed. 
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Thrombosed Synthetic Hemodialysis Access Fistulas: The 
Success of Combined Thrombectomy and Angioplasty 


(Technical Note) 


Tony P. Smith,’ David W. Hunter, Michael D. Darcy, Wilfrido R. Castaneda-Zuniga, and Kurt Amplatz 


Vascular access for patients requiring hemodialysis is often 
a subcutaneous synthetic arteriovenous shunt usually in the 
upper extremity. One of the most frequent complications of 
such a graft is thrombosis, for which the etiology is usually 
stenosis in the vicinity of the venous anastomosis or, less 
commonly, at the arterial anastomosis [1, 2]. Once thrombosis 
occurs, complete surgical revision may be necessary since 
purely percutaneous techniques are technically difficult and 
frequently unsuccessful [3]. 

In three cases, completely thrombosed grafts were treated 
by open Fogarty balloon thrombectomy with subsequent 
intraoperative balloon angioplasty yielding satisfactory results 
and eliminating the need for surgical revision. 


Materials and Methods 


All cases were performed in a radiology special-procedures suite 
in the operating room after preoperative contrast studies of the shunt 
demonstrated extensive thrombosis (Fig. 1). Using only local anes- 
thesia, the grafts were exposed and incised by the vascular surgeon. 
Thrombus was removed from both limbs using Fogarty balloon 
catheters. Using fluoroscopy during the thrombectomy process, the 
movement of the Fogarty balloon could be accurately controlled to 
prevent vascular injury. In addition, it was possible to visualize areas 
of vascular narrowing by seeing a “waist” form in the contrast-filled 
balloon (Fig. 2). In all cases, contrast (diatrizoate meglumine 60%) 
was injected into each limb using a small catheter through the incision 
site to document complete thrombus removal and to definitively 
identify any areas of narrowing (Fig. 3). Once thrombus had been 
removed, the graft was repeatedly flushed with heparinized saline 
until the procedure was completed. 

Balloon angioplasty was performed under fluoroscopic guidance 
through the incision site. Balloons (PE Plus, USCI, Billerica, MA) were 
chosen that were 1 mm larger than the measured size of the normal 
graft (approximately 20% oversized) and inflated to 15-20 Atm for 
60 sec. If the “waist” did not disappear, the balloon was moved 
slightly forward or backward to position a different part of the balloon 
at the stenosis, and the inflation was repeated. The maximum number 








Fig. 1.—Shuntogram demonstrating 
a loop-type synthetic (polytetrafluoro- 
ethylene) hemodialysis access fistula 
with extensive areas of thrombosis 
seen as filling defects within contrast 
column. 





of inflations needed to eliminate the “waist” was six. The minimum 
was two. 

All surgical sites were closed without difficulty by the vascular 
surgeon. Estimated blood loss was less than 500 ml in all cases. 

Three patients with renal failure presented with thrombosis of a 
synthetic vascular access shunt. All three patients had synthetic 
(polytetrafluoroethylene) grafts, constructed in conventional fashion 
[4]. Two were located in the forearm (“U" loop from proximal radial 
artery to antecubical vein) and one in the upper arm (straight graft 
from distal brachial artery to proximal brachial vein). In each case, 
narrowing of the venous limb was demonstrated beginning at the 
anastomosis and extending for a variable distance into the outflow 
vein. In one case, narrowing also involved the arterial anastomosis. 
All patients had had unsuccessful attempted dialysis via the access 
within 48 hr of admission. 
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Results 


A total of four areas were subjected to angioplasty, and all 
revealed excellent radiographic results (Fig. 4). All patients 
returned to hemodialysis via the graft within 2 weeks. Total 





Fig. 2.—Narrowing “waist” in superiormost portion of Fogarty balloon cath- 
eter filled with contrast material (arrows). This area of narrowing represents 
stenotic venous outflow portion of graft. 
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hospitalization time was 3 days for two patients and 2 days 
for the third patient. All three grafts functioned well for he- 
modialysis and none required any further revisions. The first 
patient received a renal transplant approximately 2 months 
after the procedure. In the second patient, the graft functioned 
as a hemodialysis access for 10 months and was removed 
because of a localized infection 2 days before the patient's 
death. Surgical inspection at the time of removal demon- 
strated a widely patent craft. The final patient's access con- 
tinues to function 6 months after thrombectomy and balloon 
angioplasty, and the patient is awaiting renal transplantation. 


Discussion 


The most common cause for thrombosis of synthetic he- 
modialysis vascular-access grafts appears to be intimal hy- 
perplasia at the venous end of the graft [5]. Less commonly, 
thrombosis may be due to hyperplasia in the body of the graft 
or at the arterial inflow. Thrombosis in the three cases studied 
here was certainly related to venous outflow obstruction, 
although a single case also demonstrated inflow obstruction. 

The technique described here consists of thrombectomy 
coupled with transluminal angioplasty. As the thrombectomy 
is performed, contrast within the thrombectomy balloon en- 
ables prediction of areas of narrowing. Angioplasty is per- 
formed during the same procedure. If the angioplasty is 
successful, no further therapeutic measures are needed. 


Fig. 3.—Injection of contrast material into ve- 
nous limb of graft demonstrates area of narrowing 
involving venous outflow portion (arrow). This cor- 
relates well with waist in Fogarty balloon seen in 
Fig. 2. 


Fig. 4.—Follow-up contrast injection after angio- 
plasty shows significant improvement in area of 
venous narrowing. 
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However, if the angioplasty is unsuccessful, surgical correc- 
tion or complete revision can then be completed. 

The best possible approach to the thrombosed graft is 
currently somewhat controversial. Percutaneous transluminal 
angioplasty alone has been reported to be effective [6], 
although more recent reports strongly refute this claim [3]. 
Another alternative involves the infusion of thrombolytic 
agents. Transluminal angioplasty coupled with streptokinase 
injection directly into the thrombosed graft has been reported 
to be quite successful [7]. However, other communications 
using similar techniques report frequent failures as well as 
frequent complications involving hemorrhage from previous 
dialysis puncture sites [8]. 

The initial role of vascular radiology in the problem of failure 
of synthetic hemodialysis grafts involves anatomic evaluation, 
which enables the surgeon and radiologist to better under- 
stand the course of the vasculature and to establish that the 
graft is still in continuity with the vessels at both ends. Repeat 
injections can be done whenever necessary during the pro- 
cedure to evaluate vessels postthrombectomy and stenoses 
pre- and postdilation. 

The hyperplasia causing the stenosis is associated with 
variable degrees of fibrosis [9], making these stenoses very 
resistant to dilatation. Balloon pressures less than 10 Atm 
have never been successful in our experience. For this reason 
we always use high pressures in significantly oversized bal- 
loons, which could conceivably increase the known compli- 
cations of angioplasty, including thrombosis and transmural 
rupture [10]. However, no such complications have been 
encountered, which probably reflects the presence of fibrotic, 
reactive tissue that envelopes the graft and vessel near the 
anastomotic site. Even though the procedure was new, none 
took longer than 2 hr to complete. We are impressed with the 
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ease and success of this approach and recommend it highly 
as an effective way to treat a difficult problem. 
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Insertion of a Large-Caliber Biliary Endoprosthesis via the 


T-Tube Tract (Technical Note) 


John K. Sammon,’ Steven K. Teplick, and Pamela H. Haskin 


Percutaneous placement of billary endoprostheses via the 
transhepatic route in patients with malignant ductal obstruc- 
tion has been advocated as an alternative to internal-extemal! 
drainage catheters [1]. We recently encountered three pa- 
tients in whom malignant obstruction of the distal common 
bile duct was discovered at the time of T-tube cholangiogra- 
phy after cholecystectomy. We have previously described our 
technique for insertion of a large caliber endoprosthesis 
through the liver [2]. We present a modification of this tech- 
nique for use through a T-tube tract when there is distal 
commor-bile-duct obstruction. 


Technique 


Figure 1 depicts the components of the prosthesis Insertion 
system, which is commercially available (TBEP-145S, Wilson- 
Cook Medical, Winston-Salem, NC). The procedure is per- 
formed with celiac plexus nerve biock, supplemented by either 
epidural anesthesia or local anesthesia at the T-tube entry 
site. Figure 2A shows a malignant stricture of the common 
bile duct discovered on a routine postoperative T-tube cho- 
langiogram. After the T-tube tract has matured for 4-6 weeks, 
the T-tube Is removed and a quidewire is manipulated through 
the stricture Into the duodenum. The stricture is then dilated 
to 16 French with progressively larger Teflon dilators or a 
balloon-dilatation catheter, and the 9-French guiding catheter 
Is advanced well into the duodenum (Fig. 2B). (Dilatation of 
the tract and stricture may require an additonal session, 
especially if the T-tube is a small one). The 14-French mush- 
room-tipped polyethylene biliary endoprosthesis is trimmed 
to an appropriate length, and the duodenal end is gently 
curved over a steam kettle. it is important to cut the stent 
long enough to prevent migration of its lower end upward into 
the bile duct. One strand of suture material is looped through 
a side hole at the duodenal end of the stent, and another 
strand Is looped through the mushroom on the proximal 
(ductal) end. The stent is then loaded into the 16-French 
Teflon sheath, which keeps the mushroom collapsed until the 
stent is ready to be released. The entire apparatus is then 
advanced over the guiding catheter through the T-tube tract 
and billary stricture (Fig. 2C). The proximal end of the endo- 


prosthesis is positioned completely within the bile duct above 
the obstruction, and the distal end in the duodenum. The 
ends of both strands of suture material are held loosely 
outside the patient. The stent is pushed out of the sheath 
with the 14-French “pusher,” allowing the mushroom to ex- 
pand. The guidewire, guiding catheter, and sheath are then 
removed, using the pusher to hold the stent in place (Fig. 2D). 

Traction on the suture through the duodenal end of the 
stent will pull the endoprosthesis into the common or intra- 
hepatic duct above the T-tube tract. A combination of alter- 
nately pulling on the two sutures and pushing with the pusher 
will heip direct the proximal end of the stent cephalad. Finally, 
both loops of suture material are removed while the pusher 
is temporarily held-against the midportion of the: stent to 
prevent any possible displacement. Contrast material may be 
injected through the pusher to verify the final position of the 
endoprosthesis (Fig. 2E}. 


Discussion 


Percutaneous reinsertion of T-tubes through a T-tube tract 
has been described previously [3]. Conceivably, smalHbore 
(8-French) endoprostheses could be Inserted in the same way 





Fig. 1.—Dlagram (not drawn to scale) showing components of bifary stent 
placement system as used through a T-tube tract. 
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Fig. 2.—A, T-tube cholangiogram after cholecystec- 
tomy demonstrates distal common-bile-duct stricture (ar- 
rows). Biopsy revealed adenocarcinoma of pancreas. B, 
Tract and stricture have been dilated to 16 French, and 
9-French guiding catheter has been inserted over a 
guidewire. Note the acute angle (arrow) between T-tube 
tract and distal portion of common bile duct. C, Biliary 
stent is being advanced into common bile duct. Mush- 
room (arrow) at proximal end of stent is well within outer 
sheath. (Pusher has been temporarily pulled back from 
field of view.) In this patient, guidewire and guiding cath- 
eter passed into descending part of duodenum (at lower 
left of figure). D, Stent has now been pushed out of 
sheath, allowing mushroom to expand. Sheath and guid- 
ing catheter have been removed. Pusher and sutures (not 
radiopaque) are now used to manipulate proximal end of 
stent into proximal bile duct above T-tube tract. E, Final 
stent position. Distal end of stent (not shown) extends 
several centimeters into duodenum. 


since these catheters can be bent or folded upon themselves. 
However, in our experience large-bore stents remain patent 
for longer periods of time than smaller ones and should be 
inserted if possible. In addition, the problem of migration is 
eliminated with the mushroom-tipped catheter as long as the 
distal end of the stent is well into the duodenum. We believe 
that placing a strand of suture material through each end of 
the stent provides maximal control during the positioning 
procedure; however, placing a single suture through side 
holes in the midportion of the stent could be tried as a simpler 
alternative. The angle between the T-tube and the distal 
common bile duct may be acute, and consequently insertion 
of a larger endoprosthesis, especially one with a flange or 
mushroom at one end, may be more difficult than it would be 
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with a standard transhepatic approach. However. this poten- 
tial difficulty is usually outweighed by the advantages of using 
an established percutaneous tract. There were no significant 
complications in our three patients, and patient discomfort 
was mild when regional anesthesia was used. 
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Review 





Learning to Heal—The Development of American Medical Education. By Kenneth M. Ludmerer. New York: 


Basic Books, 346 pp., 1985. $21.95 


This book is about the history of medical education in the United 
States. Dr. Ludmerer holds dual faculty appointments at Washington 
University: In the medical school as a respected physician and as a 
respected historian in the college of arts and sciences. This book is 
the result of months of work (more than 1,000 hours dedicated to 
reviewing archival data) in several locations around the United States. 
it is not a review of previous books and articies, but a scientific and 
historical approach to analyzing the actual record. 

Dr. Ludmerer presents a balanced report on the successes (and 
some failures) of medical education In the United States from 1880 
through 1925. During this nearly 50 years, medical education in the 
United States has had a revolutionary change from an era of essen- 
tially no standards and no respect to a position of leadership through- 
out the world. Before 1900 a doctor of medicine experienced an 
educational program that was essentially a diploma mill. Less than 1 
yr (32 weeks) of didactic lectures and no clinical experience allowed 
someone to be named a “doctor.” The schoo! was a single classroom 
staffed by a part-time faculty who eamed their income from tuition 
and often had highly questionable credentials as physicians. Yet, by 
1925 the medical education experience in the United States had 
become the model for the word with high standards: a 4-year medical 
school curriculum, housestaff training in premier teaching hospitals 
with a dedicated full-time faculty. 

This book describes how this dramatic change came about. In- 
creasing numbers of American physicians recognized the terrible 
educational standards in the United States and migrated to Europe 
(especially Germany) for research and clinical experience with superb 
clinicians and scientists. They retumed to the United States with a 
solid foundation in clinical experience and laboratory training and 
established a new breed of dedicated full-time clinical faculty. 

Among the interesting observations on a variety of issues and their 
historical perspective are: (1) The years on each side of 1900 were a 
time of great clinical and research progress, with the proposal of 


such basic concepts as the germ (Professor Lister) in 1860 
and accepted only later. (2) The Flexner report of 1910 was supportive 
but not responsible for these conceptual changes in medical educa- 
tion. Many institutions and hospitais were aware of the deficiencies 
in medical education and had Improved their program before Flexner’s 
report. Several hospitals and universities had organized a full-time 
faculty, and required. clinical experience. (3) The development of 
several great teaching hospttal/universities associations began In 
approximately 1900. First was Johns Hopkins In Baltimore, fohowed 
soon by Presbyterlan—Columbia in New York, Barnes and Children’s 
Hospitais—Washington University in St. Louls, and Brigham-—Har- 
vard in Boston. These new associations were soon followed by the 
Universities of Pennsylvania, Michigan, Colorado, and Kansas. (4) 
Medical education and research became “respectable” and began 
receiving philanthropic support from individuals and foundations In 
the early 1900s. 

Most of the text relates to the period between 1880 and 1925, but 
the last chapter describes the importance of this time in history on 
several current medical issuss. Exampies include the conflict between 
physician educators and practitioners, basic and clinical scientists, 
and between various medical specialties. 

Radiologists and others interested in the history of medicine, 
medical education, and alumni of Johns Hopkins, Washington Unt- 
versity, and Harvard will fird this book stimulating. it is well written 
and absorbing. It demonstrates the importance of research and 
scholarship in describing the history of medicine as well as in medical 
research. | hope there is a sequel with an historical analysis of medical 
education from 1925 to the present. 


Ronald G. Evens 
Washington University Medical Center 
St. Louls, MO 63110 
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Indium-Granulocyte 
Scanning in the Painful 
Prosthetic Joint 


The value of indium-111-labeled granulocyte scanning to determine the presence of 
infection was assessed in 50 prosthetic joints (41 of which were painful) in 40 patients. 
Granulocytes were obtained from the patients’ blood and labeled in plasma with indium 
111 tropolonate. Abnormal accumulation of indium 111 in the region of the prosthesis 
was noted. Proven infection occurred in 11 prostheses, and all of the intections were 
detected by indium-111-labeled granulocyte scanning. Nineteen were not infected 
(including nine asymptomatic controls) and only two produced false-positive scans. This 
represents a specificity of 89.5%, sensitivity of 100%, and overall accuracy of 93.2%. 
These results compare favorably with plain radiography. There was mo radiologic 
evidence of infection in three of the infected prostheses, and 10 of the noninfected 
prostheses had some radiologic features that suggested sepsis. We conclude that 
indium-granulocyte scanning can reliably detect or exclude infection in painful prosthetic 
joints and should prove useful in clinical management. 


Because pain after joint replacement occurs in 20% of total hip replacements 
[1], the investigation of the painful prosthesis is a significant clinical problem that 
is likely to increase. The major causes of pain after prosthetic replacement are 
mechanical loosening of the prosthesis, periprosthetic infection, or a combination 
of the two. Infection may occur in up to 4% of all primary total hip replacements 
[2-4], and after revisional surgery, Hunter et al. reported an alarming 32% infection 
rate [5]. 

In the absence of obvious sepsis there has hitherto been no satisfactory clinical 
or laboratory test to detect the infected prosthesis. In the early stage of infection, 
plain radiography is frequently not helpful; although ultimately bone resorption 
becomes evident in almost every case [6, 7], bone resorption is not specific for 
septic loosening. Technetium bone scanning, and gallium-67 citrate, sequential 
technetium-gallium, and indium-111-labeled leukocyte scanning have also been 
used, with variable success [7-17]. 

The technique for localizing inflammatory disease in our unit, unlike previous 
series, involves the use of a pure population of granulocytes sedimented in plasma. 
We think this is more sensitive than methods that use unpurified leukocytes, and 
we therefore evaluated indium-111-labeled granulocyte scanning (ILGS) in painful 
prosthetic joints. 


Materials and Methods 


Forty patients with painful prosthetic joints suspected to be due to eithe’ mechanical 
loosening or low-grade sepsis were studied. Scans were obtained at least 8 weeks after 
prosthetic implantation. At the time of isotope scanning (where possible) plair radiographs 
were obtained and compared with earlier radiographs. Scans and radiographs were reported 
independently without knowledge of clinical or laboratory results. 

Indium-111-tropolonate-labeled granulocyte scans were performed as described previously 
by Peters et al. [18]. In brief, pure granulocytes were obtained from 100 ml of the patient's 
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Fig. 1.—Normal appearances after right hip replacement. Anterior (A) and 
posterior (B) views of pelvis taken 24 hr after injection of indium-111-labeled 
autologous granulocytes. Indium-111 is seen in bone marrow. Note absence 


whole blood using the sedimentation and double-density method with 
either a percoll or metrizamide gradient. The pure granulocytes 
(approximately 10°) were then labeled with indium-111 tropolonate in 
autologous plasma. The pure granulocytes contained between 2% 
and 20% red blood cells but no platelets or mononuclear cells. 
Labeled granulocytes (7.4-11.1 MBq [200-300 uCi] in 10 mi of 
plasma) were then injected intravenously. This resulted in an effective- 
dose equivalent to the whole body of 2.4 mSv/MBq (0.65 rem/mCi) 
[19]. A whole-body scan was performed using an IGE (New York, 
NY) 400A gamma-camera on line to an MDS A* computer (Medtron- 
ics, Minneapolis, MN) with a medium-energy high-sensitivity parallel- 
hole collimator at approximately 4 and 22 hr after injection. A 20% 
window around the indium-111 peaks of 173 and 247 KeV was used. 

The amount of labeled granulocyte accumulation at the site under 
investigation was graded. 

Grade 0: No accumulation of granulocytes. 

Grade 1: Granulocyte accumulation the same as bone marrow. 

Grade 2: Granulocyte accumulation more than bone marrow but 
less than liver. 

Grade 3: Granulocyte accumulation greater than liver but less than 
spleen. 

Grade 4: Granulocyte accumulation greater than spleen; the loca- 
tion of granulocyte accumulation in relation to the pros- 
thesis was also recorded. 

The presence of a prosthesis displaces normal marrow and will 
result in a grade 0 scan in the absence of infection (Fig. 1). Grade 1 
to grade 4 readings were classified as positive. 

Plain radiographs were available for 40 joints. These were reported 
without knowledge of the clinical details or scan results, and for each 
joint an assessment of the likelihood of prosthetic loosening or 
infection was made. The criteria used are those recommended by 
Weissman [20] and Tehranzadeh et al. [21]. 

Perioperative bacteriologic investigation was undertaken in all 
patients who Clinically needed revision. An attempt was made to 
differentiate between true infection and contamination by comparing 
deep isolates with those from the skin or skin knife. Periprosthetic 
tissue was also sent for histologic examination for any evidence of 
infection. 
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of activity around right acetabulum and upper femur compared with opposite 
side. C, Radiograph of right hip replacement showing extent of bone marrow 
replacement. 


Results 


Fifty prosthetic joints in 40 patients were scanned (32 total 
hip replacements, three rip hemiarthroplasties, and 15 total 
knee replacements). The patients’ ages ranged from 23 to 82 
years. Scans were performed on average 4 yr after prosthetic 
replacement (range, 8 weeks to 11 yr). Figure 1 shows a 
typical negative scan with the absence of granulocytes in the 
region of the prosthesis, clearly contrasting with the marked 
accumulation of granulocytes in an infected prosthesis (Fig. 
2). 

Nine asymptomatic prostheses were scanned while we 
were investigating symp-omatic prostheses in the same pa- 
tients. All these scans were negative and these were regarded 
as noninfected controls. The remaining 41 prostheses were 
all symptomatic. 

Of the 41 symptomatc prostheses, 11 prostheses in 10 
patients have been confirmed to be infected either histologi- 
cally or bacteriologically; six have undergone surgical explo- 
ration, and five had discrarging deep sinuses. All the scans 
in these 11 joints were positive (nine were positive on the 
early scan at 3 hr, the remaining two on the late scan). Ten 
of the 41 prostheses were similarly confirmed at surgery not 
to be infected. Eight of these were scan negative, but two 
(both metal on metal hip replacements) had weakly positive 
scans (one grade 1 and one grade 2). Combining the results 
gives a sensitivity of 100%, a specificity of 89.5%, and an 
overall accuracy of 93.3%. 

Of the remaining 20 prostheses, at present only a clinical 
diagnosis is available. In six prostheses, (three hips and three 
knees), there was strong clinical evidence of sepsis, and all 
these scans were positive. Nine prostheses (seven hips and 
two knees) are clinically aseptic, and all these scans were 
negative. In five, the clinical diagnosis remains uncertain; in 


these, three of the scans were positive and two were nega- 
tive. 
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Fig. 2.—Infected left hip prosthesis. Anterior (A) and posterior (B) views of pelvis 24 hr postinjection show increased activity around head of prosthesis extending 
into pelvis on posterior view (arrow). C, Radiograph to show prosthesis. Lucent zone is seen around shaft in femur. 


Radiographs were available for 40 of the 50 prosthetic 
joints. Of the 11 infected prostheses, there was some evi- 
dence of loosening in 10 and of sepsis in eight. Of the 19 
noninfected prostheses (including the asymptomatic con- 
trols), radiographs were available for 17. Of these, 14 showed 
some evidence of loosening and 10 had evidence of sepsis. 
Comparable results were obtained with the clinically infected 
and aseptic joints. 


Discussion 


There has been a dramatic reduction in the incidence of 
deep sepsis after prosthetic surgery since the introduction of 
prophylactic antibiotics [3, 22, 23]; when it does occur, how- 
ever, deep sepsis is the most serious complication of total- 
joint replacement. Infection may be obvious when the patient 
presents with a painful joint and a discharging deep sinus but 
usually diagnosis is more difficult. 

Plain radiography is known to be a sensitive indicator of 
loosening of the femoral component of total hip replacements, 
if radiopaque cement has been used. However, it has much 
less accuracy in diagnosing loosening of the acetabular com- 
ponents [24]. Furthermore, exclusion of infection is difficult 
on the basis of a plain radiograph alone [21]. In our series, all 
but one of the joints that had been proven to be infected 
showed evidence of loosening, but only 12 of 16 showed 
evidence of infection. Moreover, 10 noninfected prostheses 
had apparent radiologic evidence of infection. This confirms 
that radiology is not generally helpful in detecting prosthetic- 
joint infection, particularly in early cases. 

Tehranzadeh et al. [21] radiologically evaluated 94 painful 
total hip replacements. They failed to identify nine of the 19 
infected prostheses and recommended combining radiology 
with technetium-99m polyphosphate bone scanning. Tech- 
netium-99m-labeled polyphosphate bone scanning, although 
sensitive, reflects increased bone turnover and is not specific 


for loosening or infection [25, 26]. Williamson et al., however, 
suggested that diffuse uptake is more suggestive of infection 
[27]. Skeletal scintigraphy is certainly unreliable in the as- 
sessment of recently implanted prostheses for up to 1 yr after 
surgery [28], and Utz et al. showed significant activity beyond 
3 yr in 11% of patients [29]. 

In an attempt to overcome this difficulty, gallium 67 has 
been used. The mechanism of gallium accumulation is uncer- 
tain, and localization has been shown to occur in both septic 
[30] and nonseptic inflammation, noninflammatory disorders 
[31], and any area of increased bone activity [32, 33]. It is 
therefore misleading to unequivocally associate gallium-67 
localization with infection [34]. 

Theoretically ILGS would seem to be a superior technique 
for the localization of infection because it reflects quantita- 
tively the presence of granulocytes in the area under study. 
Recent improvements of this technique include the isolation 
of pure granulocytes. This avoids the injection of nonmigrating 
monocytic cells. Furthermore, the maintenance of granulo- 
cytes in plasma rather than in saline results in their rapid 
transit through the lung, so they are available for migration 
immediately after injection. 

Labeled granulocytes are normally removed by the spleen 
and bone marrow. Before insertion of a stemmed prosthesis, 
the bone marrow is reamed out and replaced by cement. 
Thus, no radioactivity accumulation would be expected here 
(Fig. 1). As illustrated in Figures 2-4, however, if the prosthe- 
sis is infected, increased uptake of indium is seen as a result 
of the accumulation of granulocytes. However, the type of 
implant used is important; with the increasing popularity of 
Surface replacements, bone marrow remains and the normal 
bone marrow uptake must not be misinterpreted as evidence 
of infection (Fig. 5). 

An ILGS reflects the number of granulocytes in the area 
under study, but it does not explain the reason for their 
presence and therefore does not help determine whether the 
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Fig. 3.—Infected hip prosthesis. A, Anterior view of pelvis and upper femora 
taken at 24 hr postinjection, showing increased activity near acetabulum on 
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Fig. 4.—Infected left total knee replacement. Anterior scan (A) and radi- 
ograph (B) of infected total knee replacement showing marked accumulation 
of cells around prosthesis and abscess formation in the soft tissue of knee. 


prosthesis is infected. However, in all the cases in our series 
in which sepsis has been confirmed histologically or bacteri- 
ologically, the degree of increased uptake of granulocytes 
was considerable, and interpretation was not difficult. Merkel 
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left and also in upper third of femoral shaft and neck. B, Radiograph of same 
patient showing lucent zone around prosthetic shaft. 


et al. [8] confirmed that the confidence of observer interpre- 
tation of indium leukocyte scans was considerably better than 
the interpretations of sequential technetium and gallium 
scans. 

Both of the false-positive scans in our series occurred in 
patients with metal-on-metal total hip replacements. The in- 
creased accumulation of cells was small but undoubtedly 
present in the region of tne prosthetic articulation. Metal-on- 
metal prostheses produce wear-products that result in a 
synovitis and a synovial effusion. At revision surgery in both 
these patients such an effusion was found, but no organism 
was cultured and we presume that the small increase in 
granulocytes was in this aseptic synovial fluid. 

The large number of t-ue-negative scans is encouraging. 
One of the most valuable contributions that ILGS will make 
to clinical management is the reliable exclusion of infection in 
the early postoperative patient. Furthermore, in patients with 
late postoperative pain where the scan has excluded infection, 
less radical revisional surgery can be undertaken than would 
be essential if sepsis wer2 suspected [35]. 

Indium-labeled leukocyte scanning has been compared with 
sequential technetium bone and gallium scans in detecting 
musculoskeletal sepsis [36], and Chafetz et al. [17] have 
recently studied the value of combined technetium-gallium 
digital subtraction imaging in detecting periprosthetic infec- 
tion. The technique does not seem valuable, although a 
positive technetium bone scan strongly suggests loosening 
and a negative gallium scan is unlikely in the presence of 
infection. Merkel et al. [8] prospectively studied 42 patients 
with suspected musculoskeletal sepsis. The sensitivity of 
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Fig. 5.—Normal appearance in surface total hip replacement. Anterior (A) and posterior (B) scans show activity in upper femur (arrow) due to bone marrow, not 


infection. €, Radiograph shows intact marrow space in femoral shaft and neck. 


sequential technetium and gallium scans was 50%, specificity 
was 78%, and overall accuracy was 62%, compared with 
sensitivity of 83%, specificity of 94%, and accuracy of 88% 
with indium-labeled leukocytes. In patients with prostheses, 
indium-labeled leukocyte scanning was 94% accurate, com- 
pared with 75% accuracy in sequential technetium and gallium 
scans [8]. However, McKillop et al. [14] compared gallium-67 
and indium-111 leukocyte scans in 15 patients with painful 
prosthetic joints and showed that gallium scanning had a 
sensitivity of 83%, and a specificity of 79%, whereas with 
indium-leukocyte scanning the sensitivity was only 50%, al- 
though the specificity was 100%. McKillop et al. were labeling 
crude leukocytes rather than pure granulocytes and used 
indium oxine rather than indium tropolonate. Labeling cells 
with indium oxine requires the cells to be in a saline medium. 
However, indium-tropolonate labeling is in plasma, and gran- 
ulocytes labeled in such a physiologic medium display im- 
proved eell kinetics [18]. This, together with the rather high 
centrifugation rate that they used (450 g for 10 min) compared 
with ours (100 g for 5 min) probably accounts for the poor 
results in the study by McKillop et al. However, although 
indium scams have a sensitivity of 100% in detecting acute 
osteomyelitis, their sensitivity is only 60% in chronic osteo- 
myelitis [37]. McKillop et al. [14] and Schauwecker et al. [37] 
have explained their poor results on this basis because of 
low-grade outpouring of inflammatory cells in chronic sepsis. 
When pure granulocytes are labeled with tropolonate in 
plasma with a high cell-viability rate, there is increased sen- 
sitivity for detecting low-grade septic foci, comparable to the 
results of pure granulocyte preparations in mild inflammatory 
bowel disease [38]. 

Certainly our results suggest that ILGS is a useful technique 
in the evaluation of the painful prosthetic joint, distinguishing 
reliably those joints that are infected from those that are 
painful because of other causes. 
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111 In-Labeled Leukocytes 
in the Detection of 
Prosthetic Vascular Graft 
Infections 





Making a clinical diagnosis of infection in prosthetic vascular grafts is difficult but 
when undiagnosed, this condition has a high mortality rate. Using Indium-111-labeled 
white-blood cells, 30 scans were performed in 21 patients suspected of having a 
prosthetic graft infection. The diagnosis of infected graft was confirmed by surgery in 
all cases, and lack of infection was established by resolution of symptoms with con- 
servative therapy. Twenty-four hour scans of autologous Indium-111 leukocytes were 
obtained, and correlative CT studies were done in 11 cases. There were 13 infected 
grafts at surgery (purulent material present), and scans were positive in all (100% 
sensitivity); of 17 scans, there were 15 true negatives and two false positives (88% 
specificity). Using the criteria of gas or fluid around the graft, the sensitivity of CT was 
only 37% in a small subset of these patients. One-half of the cases in which infection 
was suspected clinically had no infection and had negative scans. Varieus types of 
grafts and graft materials were used, and there was no correlation with presence or 
absence of infection on the basis of the type of graft. Extragraft infection sites were 
found in five patients. In conclusion, use of Indium-111 leukocytes has been found to 
be an accurate and valuable diagnostic method for evaluation of suspected prosthetic 
vascular graft infection, and to have higher diagnostic accuracy than CT. 


Infection occurring in artificial prosthetic vascular graft materials is a serious 
complication and is associated with a high mortality rate. The infecton may be 
evident soon after graft placement, but more commonly it is not seen until weeks 
to months later. Because of the seriousness of such infections, early and accurate 
diagnosis is needed. Several methods have been used for evaluation of suspected 
graft infections. Sonography may show a hematoma, a pseudoaneurysm, or fluid 
collection, but the findings are nonspecific for graft infection [1-3]. CT is effective 
in demonstrating similar findings and has the advantage of better anatomic deline- 
ation of the entire graft, as well as presence of gas as an indicator of infection [4- 
6]. However, the findings are also often nonspecific. Direct needle aspiration and 
culture give accurate information but do not indicate the extent of intection, and 
sampling errors may occur [7]. The recent use of radioactively tagged leukocytes 
for acute infections in general may allow more specific localization and diagnosis 
in this application. This report gives our experience using 111-In leukocytes (111- 
In WBC) for the early diagnosis of prosthetic vascular graft infections in a group of 
Surgically proven patients. 


Subjects and Methods 


From January 1982 through July 1985, we studied 21 patients with suspected vascular 
graft infections. A total of 30 scans were performed in this group, with six patients having 
two or more scans. All these patients had separate episodes of fever or other symptoms 
requiring separate hospitalizations for suspected graft infections. Several had multiole-graft 
placements, each accompanied by a scan. Thus, even though some patients had more than 
one scan, each scan was considered as a separate incident for analysis purpeses as none 
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Fig. 1.—Indium-111 leukocyte scan of pelvis showing infected aortofemoral 
graft (arrows). Proximal infected site is below origin of renal arteries. 


was performed for the same episode of suspected infection. All 21 
patients were men ranging in age from 55 to 75 years. 

All cases referred for leukocyte imaging were Clinically suspected 
of having infection, manifested by fever, local pain, tenderness over 
the graft area, or draining sinuses. Patients were examined at varying 
intervals after their graft placement. 

The diagnosis of infected graft was confirmed by surgery in all 
cases. The presence of purulent material was used as the criterion 
indicating infection. Cultures were obtained from the perigraft area in 
many cases. Lack of infection in scan-negative patients was con- 
firmed by resolution of symptoms using conservative therapy. 

Autologous white cells were labeled according to a modified 
method of Thakur et al. [8]. Approximately 40-50 ml of blood was 
taken from each patient. The leukocytes were separated by differ- 
ential centrifugation and incubated for 45 min with about 500 „Ci 
(18.5 MBq) Indium-111-oxine (Amersham International, Inc.). Washed 
and labeled leukocytes were then reinjected intravenously. A Federal 
Drug Administration IND-approved consent form was signed by each 
patient. Labeling efficiency was approximately 90%. Images were 
obtained with a gamma camera 24 hr after injection of the labeled 
leukocytes. Early scans (4 hr) were obtained in a small number of 
patients, but were not included in the data analysis. Anterior whole- 
body scans were obtained using a large field-of-view scintillation 
camera. One hundred thousand-count single-anterior views over the 
abdomen (for aortofemoral and other grafts in the abdomen) or the 
chest and abdomen (for axillofemoral grafts) were obtained using a 
low-energy all-purpose collimator. 

Scans were interpreted as positive if abnormally located uptake 
was present and if it was at least as intense as uptake in adjacent 
marrow. No further grading of uptake was done. A typical example 
of an infected aortofemoral graft is shown in Figure 1. 

CT scans were performed in 11 patients in conjunction with the 
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Fig. 2.—Anterior whole-body Indium-111 leukocyte scan 
showing an infected right extracorporal axillary-bifemoral 
graft (arrows). Areas that had a positive culture corre- 
sponded closely to areas of most intense uptake on scan. 


111-In-leukocyte scans. The CT scan was considered positive for 
graft infection if gas, fluid, or soft-tissue mass was present in the 
perigraft area. 


Results 


The entire group of scan-positive patients had an operation 
for evaluation of the suspected graft infection. Infection, indi- 
cated by the presence of purulent material, was found in 13 
patients. Multiple cultures in many revealed only occasional 
positive cultures; however, most had been on antibiotic ther- 
apy for several days to several weeks before surgery. 

In one patient the entire axillobifemoral graft was removed 
at the time of the operation and cultures were taken at 10- 
cm intervals. The culture-positive areas corresponded closely 
to the areas of increased uptake on the scan (Fig. 2). 

Results of the 30 111-In-WBC scans in the 21 patients are 
as follows. There were 13 infected grafts at surgery, and in 
all the scans were positive. There were two patients with 
positive scans, but no infections were present (false posi- 
tives). In one of these the scan was performed only 4 days 
after graft placement, but in the other there was no obvious 
reason for the positive scan, which was performed about 1 
year after graft placement. Of the 13 proven infected grafts, 
all had scans from 5 weeks to 6 years after graft placement. 
There were 15 negative scans in patients subsequently shown 
to have noninfected grafts, and no false-negative scans were 
found. The sensitivity was 100% (13 true positives of 13 
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Fig. 3.—Negative anterior Indium-111 leukocyte scan of pelvis in patient 
with a thrombosed but not infected aortofemoral vascular graft. Bowel uptake 
in left lower abdomen was from colonic disease and had no effect on interpre- 
tation of scan of graft area. 


scans), specificity 88% (15 true negative of 17 scans), and 
accuracy 93% (28 of 30 scans). 

Various prosthetic graft materials had been used, including 
Dacron and Gortex. Various graft locations were also repre- 
sented, including axilloaxillary, axillarybifemoral, and aortobi- 
femoral graft placements. No particular type of graft material 
showed more occurrence of infection than another. 

Two patients were found to have thrombosed vascular 
grafts, and neither were infected at surgery. 111-In WBC 
scans were negative in both (Fig. 3). 

Ten CT scans were available for review in 11 patients. 
These were obtained on a Picker 1200 CT Scanner (“fourth 
generation”), from 3 to 21 days (average 9 days) after the 
111-In-WBC scan. One-centimeter contiguous scans were 
obtained in the entire graft area and were interpreted as 
positive if perigraft fluid, gas, or soft-tissue mass were pres- 
ent. More strict criteria of fluid and/or gas were also evaluated 
in the same scans. |Y and oral radiographic contrast material 
was used in all scans. Infection was detected in six, but two 
others with proven infected grafts had normal CT scans (false 
negatives). There were three negative CT scans in three 
patients and no false-positive scans. The sensitivity of CT for 
detection of infectien was 75% and specificity 100% using 
perigraft fluid, gas, or soft-tissue mass as the criterion, but 
only 37% sensitivity using fluid or presence of gas as the 
criterion. 

Extragraft sites of infection were found in five patients. 
These included colitis (two), suprapubic catheter site (one), 
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subhepatic abscess from infarcted perforated colon (one), 
and infected amputation stump (one). None of these cases 
had an infected vascular graft, and scans in the graft areas 
were normal. In no cases did normal uptake in the liver, 
spleen, or extragraft site interfere with the interpretation in 
positive (infected graft) cases. Although infected graft sites 
might be undetected if they were near or behind the liver or 
spleen, or superimposed on normal marrow uptake, this did 
not occur in any of our cases. 


Discussion 


Because infected prosthetic vascular grafts are associated 
with such a high mortality, the diagnostic procedure needs to 
have a high sensitivity. The successful use of 111-In-WBC 
scans has been reported previously [9-12], suggesting that 
this method may have such high sensitivity. However, another 
report comparing leukocyte imaging with CT suggested a 
lesser sensitivity [6]. Since patients with vascular grafts may 
have fever from other causes, the specificity of the test is 
also important. Although we did not study am unselected 
population of all patients receiving prosthetic vascular grafts 
(which would allow assessment of testing specificity), our 
patient population included only those having operations to 
prove the presence of infection. Absence of infection was 
inferred when patients became asymptomatic with conserv- 
ative treatment or when no infection was found at surgery. 
Clinically, all patients had a high degree of suspected graft 
infection. Clinical evaluation is therefore not very accurate in 
predicting infection, whereas the excellent accuracy obtained 
with 111-In-WBC scans is very encouraging. 

The presence of purulent material found at surgery, 
whether or not cultures were positive, was used as the 
criterion for an infected graft. Many patients had been on 
antibiotics for variable lengths of time before the surgery, 
probably accounting for the low occurrence of positive cul- 
tures. In one case, the scan correspondence tc the infected 
portions of the graft as proven by culture was excellent. The 
type of graft material and type of graft did not show any 
correlation with presence or absence of infection or scan 
positivity. 

Infections in prosthetic grafts have been divided into two 
categories, early and late. All of our patients had symptoms 
of infection appearing at least 5 weeks after graft placement, 
and in one patient as long as 6 years later. Thus, in our 
experience, the delayed occurrence of graft infection is im- 
portant in planning follow-up of these patients. This also would 
suggest that prophylactic antibiotics may be indicated in these 
patients before other surgery or dental procedures. 

While sonography and CT may be useful in cases of sus- 
pected graft infection, the sensitivity of sonography has not 
been well documented, and its specificity in iniection would 
likely be low. The superiority of CT over 111-In-WBC scans 
was Claimed recently [6], but our experience differs signifi- 
cantly, as CT had a sensitivity of only 75%. In three of our 
patients, a pseudoaneurysm was detected without perigraft 
fluid or gas. If the latter two signs were needed for CT 
diagnosis, the sensitivity would be 37%. Fluid found in the 


176 WILLIAMSON ET AL. 


perigraft area on CT or sonography may also be negative in 
culture from needle aspiration since many patients have al- 
ready been on antibiotics. 

Incorporation of labeled platelets into the thrombus forma- 
tion in prosthetic grafts may cause positive uptake [13]. In 
our two cases in which the graft had extensive thrombosis, 
there was no evidence of 111-In-WBC accumulation on the 
scan. Both of these grafts had been occluded clinically for 
approximately 1 week and may not have been actively forming 
thrombus. However, more active clot formation in the graft 
could cause a false-positive scan, since a significant number 
of platelets may be labeled by this technique. 

Absence of infection was diagnosed in 17 scanned patients. 
While there may have been low-grade infections that re- 
sponded to antibiotics, the experience that truly infected 
grafts are associated with a very high mortality [14] would 
appear to make this highly unlikely. Obviously, surgical proof 
or absence of infection is lacking in these cases, but we are 
convinced that the clinical course and subsequent follow-up 
confirms the absence of infection. None has had an infection 
subsequent to scan, but all cases of prosthetic vascular grafts 
shouid be considered at risk for delayed Infection (infection 
occurred 6 years after graft placement in one of our cases). 
Very few false-negative cases have been reported [15]. 

Of our two false-positive scans, one occurred shortly (4 
days) after surgery. The uptake was probably due to post- 
operative perigraft inflammation. In dogs, with prosthetic 
grafts, positive 111-1n-WBC uptake has been found through 
the end of the first postoperative week [16, 17]. Alternatively, 
some platelet accumulation may have occurred in the early 
postoperative interval. Although our group of patients did not 
have scans early after graft placement, we had a true negative 
scan in one patient 5 weeks after surgical implantation of the 
graft, as well as a true positive in a different patient. This 
suggests that scans at this time are not falsely diagnostic. 

The use of the 111-In-WBC scans for detecting nonsurgical 
sites of infection has been reported [18]. In this series there 
were five patients with fever postoperatively in whom the 
111-In-WBC scans were negative in the graft area, but posi- 
tive in other areas. These sites included colitis, suprapubic 
catheter wound, subphrenic abscess, and amputation site 
infection. Because of the low frequency of false-positive re- 
sults in the graft sites (especially several weeks after graft 
placement), the demonstration of other sites of leukocyte 
accumulation provides important information to direct a more 
pertinent search for true location of infection. 

In conclusion, in 30 scans of a group of 21 patients with 
suspected prosthetic vascular graft infection, we have found 
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111-In-WBC scans to be an accurate procedure, exceeding 
that of clinical and other radiologic {including CT) procedures. 
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Evaluation of 
Peritoneovenous Shunt 
Patency by Intraperitoneal 
Tc-99m Macroaggregated 
Albumin: Clinical Experience 





The clinical utility of peritoneovenous shunt patency studies using intraperitoneal Tc- 
99m macroaggregated albumin was studied. The patency of a peritoneovenous shunt 
can be reliably determined using the intraperitoneal injection of Tc-99m macroaggre- 
gated albumin with the appearance of lung activity as an indicator of patency. In an 
evaluation of 66 cases of clinically suspected peritoneovenous shunt obstruction, using 
the appearance of lung activity as the sole criterion of patency, this technique was 
shown to have a sensitivity of 100%, specificity of 92.2%, and accuracy of 98.5%. 
Visualization of efferent shunt tubing was variable and not a reliable criterion of shunt 
patency. This technique should be considered when peritoneovenous shunt patency is 
questioned. 


Peritoneovenous shunt (PVS) malfunction is suspected when ascites persists or 
recurs after insertion of the shunt. Occlusion or malfunction of the shunt itself 
occurs in 5-15% of patients [1]. Relapse or failure to respond after initial response 
to PVS may also be due to factors other than shunt occlusion. This may occur with 
further decompensating cirrhosis, excessive salt intake, inadequate diuretic ther- 
apy, congestive heart failure, or the development of hepatic neoplasm. The accurate 
determination of shunt patency is important in proper patient management. If the 
PVS is occluded, usually by fibrinoid material in the valve or blood clots in the 
venous tubing, the correction is surgical. If the PVS is patent, changes in medical 
therapy are required. This article describes our experience in determining PVS 
patency using the intraperitoneal Tc-99m macroaggregated-albumin (MAA) tech- 
nique. 


Materials and Methods 


During the past 7 years, 66 studies of PVS patency were performed because of clinical 
suspicion of shunt malfunction, with either the persistence of ascites after shunt placement 
or the recurrence of ascites after initial response. All patients (49 men, 17 women) had 
advanced alcoholic cirrhosis and ranged in age from 33 to 74 years (average age, 48.6). 
Sixty-one LeVeen shunts and five Denver shunts were studied. 

Under aseptic conditions, a 5-mCi (185-MBq) dose of Tc-99m MAA was injected into the 
peritoneal cavity. The patient was gently rolled from side to side to disperse the radiophar- 
maceutical throughout the peritoneal space. Using a large-field gamma scintillation camera 
with a 140-Kev parallel hole collimator, an immediate 500,000-count image was obtained 
over the abdomen to assure adequate injection and dispersal of particles. Sequential 500,000- 
count images were obtained anteriorly and, if necessary, laterally over the chest and upper 
abdomen at 5, 10, 20, 30, 40, 50, and 60 min after injection and at 112, 2, 4, and 24 hr, when 
needed. If there is normal function of the PVS, the ascitic fluid containing Fc-99m MAA 
particles enters the venous circulation with subsequent localization of particles in the pulmo- 
nary circulation. Visualization of lung activity was interpreted as indicative of PVS patency, 
and absence of lung activity as nonpatency. The true status of the PVS and sites of obstruction 
were determined retrospectively by chart review using results of radiologic studies, surgical 
findings, and autopsy findings as indicators of shunt status. Those patients with patent 
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shunts by scan were followed clinically. All ultimately diuresed with 
proper diuretic and diet therapy. Doppler flow studies were performed 
in two cases and direct-radiographic contrast injections were per- 
formed in four cases, confirming patency. One came to autopsy with 
a patent shunt. In patients with suspected malfunction, Doppler flow 
Studies confirmed absence of flow in six cases, and direct-radi- 
ographic contrast injections were performed in 13 cases. Twenty-five 
required surgical revision or replacement of their shunts and two 
came to autopsy with nonpatent shunts. 


Results 


The results of the scan findings are summarized in Table 
1. Using the appearance of lung activity as the only criterion 
of patency, 35 shunts were interpreted to be patent (negative 
Study) and 31 were interpreted to be nonpatent (positive 
Study). There were no false-negative studies. One study was 
considered to be a false-positive. In this case, no lung activity 
was demonstrated through 2 hr. However, a subsequent 
radiographic contrast injection done 2 days later showed 
patency of the system. Without further alteration in therapy, 
however, the accumulated ascites rapidly decreased after the 
radiographic procedure. It might be speculated, however, that 
a small obstructing clot was dislodged from the tubing at the 
time of the contrast radiographic procedure, thus reestablish- 
ing patency. 

Thus using the appearance of lung activity as the sole 
Criterion of patency, the Tc-99m MAA technique in our series 


TABLE 1: Results of Scans According to Shunt Status 
SS a ST 











Scan Findings 
Shunt Status 
(n = 65) Lung Time Lungs Seen Tube Time Tube Seen 
Visualization (min) Visualization (min) 
Patent (n = 31) 31/31 All<10 26/31 All<10 


Partial occlusion (n 


= 4) 4/4 30,35,60,300 2/4 30,35 
Nonpatent (n = 30) 
Tube obstruction 
(19) 0/19 NA 3/19 15, 30, 180 
Malposition (3) 0/3 NA 0/3 NA 
Valve obstruction 
(8) 0/8 NA 0/8 NA 


Note.—NA = not applicable. 
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had a sensitivity of 100%, a specificity of 97.2%, and an 
accuracy of 98.5%. 

A close examination of the clinical status of the patent 
shunt cases demonstrated 31 to be fully patent and four 
partially occluded. 

Of the fully patent PVSs, all showed lung activity within 10 
min. The most typical appearance was of increasing lung 
activity over time (Fig. 1). Of the four with partial occlusion, 
lung activity was seen but was delayed (first lung appearance 
at 30, 35, 60, and 300 min, respectively). Focal accumulation 
of MAA at the tip of the tubing was seen in two cases, 
probably indicating adhesion at the site of clot formation. A 
repeat study of one of these patients 2 weeks later showed 
progression to complete occlusion (see Fig. 2). In none of the 
four cases of partial occlusion was there indication of conges- 
tive heart failure, which may also result in delayed lung 
visualization [1]. 

Of the 30 truly nonpatent PVSs, three were due to malpo- 
sition of the tubing, eight were valvular obstructions due to 
fibrinoid deposition, and 19 were tube obstructions due to 
fibrin or blood clots. None of these 30 showed lung activity 
up to 4 hr after injection. 

Visualization of the efferent shunt tubing has previously 
been shown to be variable and an unreliable criterion of PVS 
patency [2]. Visualization is dependent upon the flow rate 
through the shunt tubing with high and low flow rates both 
poorly visualized. Maximum visualization of tubing occurs with 
intermediate flow rates (= 60 ml/hr). In our series the tubing 
was visualized in 26 of 31 fully patent shunts with the tubing 
first seen at less than 10 min in all instances (Fig. 3). Two of 
four partially occluded shunts had tube visualization, but 
tubing was not first seen until 30 and 35 min, respectively. Of 
the nonpatent shunts, only three of 19 with tubal obstruction 
had visualization of the tubing (Fig. 4). The time of first 
appearance was variable but was in general delayed (15, 30, 
180 min). In none of the cases of malposition or valve obstruc- 
tion was there visualization of tubing (Fig. 5). 


Discussion 


Peritoneovenous shunting is an effective means of reducing 
refractory ascites by the continuous passive infusion of ascitic 





C 


Fig. 1.—Fully patent peritoneovenous shunt. A, Early lung activity at 5 min. Most activity, however, remains below diaphragm in ascitic fluid. B, Increasing lung 


activity at 15 min. C, Further increasing lung activity at 25 min. 
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Fig. 2.—Partially occluded peritoneovenous shunt 
that progresses to complete occlusion. A, Faint de- 
layed lung visualization at 30 min with focal accumu- 
lation at tip of efferent tube (arrow), probably at site 
of clot. B, Repeat study 2 weeks later shows no lung 
activity at 1 hr, indicating shunt occlusion. 
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Fig. 3.— Three separate cases of fully patent peritoneovenous shunt with early lung and tube visualization. Note various locations of shunt tubing (arrow). A, 
Tubing seen over right chest at 5 min. B, Tubing seen in midline at 5 min. C, Tubing seen over left chest at 5 min. 
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Fig. 4.—Nonpatent peritoneovenous shunt with 
obstruction at tip of efferemt tube. At 30 min, efferent 
tubing is seem but there is no lung activity. 


fluid into the intravascular space. The LeVeen PVS [3-5] 
consists of an afferent length of fenestrated silicone tubing 
within the peritoneal cavity, connected to a unidirectional flow 
valve in the muscular layer of the abdominal wall. Extending 
cephalad from the valve is an efferent length of tubing that 








Fig. 5.—Nonpatent peritoneovenous shunt with valve obstruction. A, No lung activity at 15 min. 
B, No lung activity at 2 hr. All activity remains in ascitic fluid below diaphragm. 


passes subcutaneously over the chest wall and enters the 
internal jugular vein terminating near the right atrium. When 
the pressure gradient between the peritoneal cavity and the 
intrathoracic superior vena cava exceeds 3-5 cm of water, 
there is flow of ascites into the venous circulation. More 
recently the Denver PVS has been introduced [6-8]. Both the 
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LaVeen and the Denver PVSs have been successful in treating 
refractory ascites. 

Numerous techniques with varying degrees of reliability are 
available to assess PVS patency. Doppler sonographic flow 
Studies can be performed but require considerable experience 
and expertise in interpretation [9]. Direct radiographic exam- 
ination can be obtained after the injection of radiopaque 
contrast material directly into the shunt tubing [10]. This 
technique carries not only the risk of contrast reaction but the 
possibility of dislodging tubal or vena caval clots, resulting in 
pulmonary embolization. Various radionuclide procedures are 
also useful. Early studies used the intraperitoneal injection of 
99m-Tc-albumin [11]. The cranial migration of activity was 
presumed to indicate shunt patency. A similar approach using 
the intraperitoneal injection of Tc-99m sulfur colloid has been 
used [12-14], with the demonstration of shunt tubing and 
early visualization of the liver and spleen being indicative of 
PVS patency. This technique is not ideal since the hepatic 
uptake of colloid in this cirrhotic patient population is dimin- 
ished, and the surrounding labeled ascitic fluid may obscure 
the liver and spleen. The direct injection of Tc-99m sulfur 
colloid into the efferent tubing has also been studied (19; 
16]. By direct visualization or monitoring of wash-out rates, 
patency can be assessed. This method tests the overall 
patency of the system and does not differentiate between 
occlusion of the afferent or efferent tubes or the valve itself. 

The most reliable radionuclide study for the evaluation of 
PVS function involves the intraperitoneal injection of Tc-99m 
MAA or human serum albumin microspheres followed by 
sequential imaging of lung activity [17-19]. The obvious ad- 
vantage over sulfur colloid is that the imaging of the lungs as 
the end-target organ is not obscured by the labeled ascites 
and is not dependent on the functional status of the liver. In 
a previously published series of 40 patients who were rou- 
tinely studied postoperatively and a smaller series of six 
patients who were studied when malfunction was suspected, 
this technique has been shown to be useful [1]. 

In Our series, appearance of lung activity with or without 
tube visualization is indicative of PVS patency. Delayed lung 
activity may be caused by partial PVS occlusion but may be 
seen in congestive heart failure. Absence of lung activity, 
especially on delayed views, indicates nonpatency; however, 
the exact site of obstruction cannot always be determined. It 
may be necessary to perform direct tube injection studies 
with either radiopharmaceuticals or radiographic contrast to 
define the exact site of obstruction. 

In our series of 66 patients with clinically suspected PVS 
malfunction, using the appearance of lung activity as the sole 
criterion of patency, no false-negatives and a single, ques- 
tionable false-positive were demonstrated. In view of its high 
sensitivity, specificity, accuracy, and ease of performance, 
this minimally invasive procedure should be considered when 
PVS patency is questioned. 
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Radiocolloid Scintigraphy in 
Felty’s Syndrome 





The Tc-99m sulfur colloid liver-spleen scintigrams of nine patients wrth Felty’s syn- 
drome (a triad of rheumatoid arthritis, splenomegaly, and neutropenia) were reviewed. 
The characteristic scintigraphic findings include (1) moderate or severe splenomegaly, 
(2) the reversal of liver-to-spleen uptake ratio despite normal liver function tests, and 
(3) virtually no visualization of the bone marrow uptake and no pulmonary radiocolloid 
sequestration. In a late stage of cirrhosis of the liver, moderate-to-severe splenomegaly 
with the reversal of liver-to-spleen uptake ratio almost always accompanies abnormal 
liver function, and sometimes there may be associated pulmonary radiccolloid uptake. 
It was therefore concluded that in a proper clinical setting, a radiocolloid scintigraph 
may differentiate between Felty’s syndrome and cirrhosis of the liver in a late stage. 


Classic Felty’s syndrome, a triad of rheumatoid arthritis, splenomegaly, and 
neutropenia, was first described in 1924 [1]. The prevalence of Felty’s syndrome 
is low, occurring in less than 1% of patients with rheumatoid arthritis [2]. Spleno- 
megaly in this syndrome has been demonstrated by radiocolloid seintigraphy [3, 
4]. In these reports, the instruments used were rectilinear scanners. In current Tc- 
99m sulfur colloid liver-spleen scintigraphy, the liver and spleen image can be 
obtained in one view by a scintillation camera. Splenomegaly is mest commonly 
seen in cirrhosis of the liver, especially in advanced cases. To assess scintigraphic 
characteristics of Felty’s syndrome vs cirrhosis of the liver, we reviewed all patients 
with Felty’s syndrome who underwent Tc-99m sulfur colloid scintigraphy. 


Materials and Methods 


All patients with Felty’s syndrome for the past 4 years who met the following criteria were 
included in this study: (1) clinical diagnosis of Felty’s syndrome (rheumatoid arthritis, spleno- 
megaly, and neutropenia, and/ or pancytopenia or leukopenia); (2) Tc-99m su'fur colloid liver- 
spleen study performed; and (3) concurrent laboratory findings including hemagrams and liver 
function tests within 3 days of a liver-spleen scintigram. The nine patients identified included 
three women and six men, ranging in age from 55 to 74 years old. 

A liver-spleen scintigram was performed 15-20 min after IV injection of 3-5 mCi Tc-99m 
sulfur colloid (Tesuloid, Squibb, Princeton, NJ). The routine images included anterior, posterior, 
right lateral, and left lateral views; additional oblique views were done ff clinically indicated. 
Interpretation of the scintigram included assessment of the size of the spleen and the liver 
and characterization of the distribution of radiocolloid in the liver and spleen. The relative 
uptake of the liver and spleen, presence or absence of the bone marrow uptake, and signs 
of ascites were noted. 

Splenomegaly was arbitrarily divided into three categories: mild (approximate weight from 
200 g to 500 g); moderate (approximate weight from 500 g to 1000 g); and severe (over 
1000 g). Normally, the radioactivity of the liver is higher than or equal to that of the spleen; 
the degree of the reversal of liver-spleen uptake ratio is semiquantitatively expressed as 
follows: mild, 1 plus (+); moderate, 2 plus (++); and severe, 3 plus (+++). The higher the 
degree of reversal was, the greater the hepatic dysfunction or the more severe the “hyper- 
splenism” was. 
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TABLE 1: Scintigraphic and Laboratory Findings in Felty’s Syndrome 
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Scintigrams 





Case No. (Age, Sex) L-S° B-M° i heat WBC° Hett (%) 
Splenomegaly Liver Size 

1 (58, F) Moderate Normal + — Normal 2.0 35 

2 (62, F) Moderate to severe Normal ++ —_ Normal 1:5 38.3 
3 (97, =) Moderate Normal ++ Normal 3.7 31.7 
4 (55, M) Moderate to severe Normal +++ — Normal 1.8 34.5 
5 (74, M) Severe Normal +++ + Normal 4.7 23.2 
6 (58, M) Moderate to severe Normal +++ — Normal 4.0 28.4 
7 (60, M) Severe Normal +++ — Normal 3.0 32.5 
8 (74, M) Moderate to severe Mild hepatomegaly + _ Normal 1.8 34.7 
9 (65, M) Severe Normal ++ to +++ + Normal 1.2 34.5 


* Reversal of the liver-spleen uptake ratio. 
? Bone marrow uptake. 

© White cell count (x 10°). 

* Hematocrit. 





Fig. 1.—Tc-99m sulfur colloid liver-spleen scintigrams revealing mild hepa- 
tomegaly, moderate splenomegaly, and 1-plus reversal of liver-spleen uptake 
ratio. Lead marker is placed on right costal margin in left upper scintiphoto. 


Results 


Table 1 summarizes the patients’ age, sex, clinical diag- 
nosis, radiocolloid findings, and hemograms. Splenomegaly 
by radiocolloid scintigraphy ranged from moderate to severe: 
two patients were classified as moderate, four moderate to 
severe, and three severe. Only one patient had mild hepato- 
megaly (Fig. 1). 

In regard to reversal of the liver-spleen uptake ratio (Fig. 
1), one patient had 1 plus (+) reversal of the liver-spleen 
uptake ratio, three patients had 2 plus (++), one patient had 
2-3 plus (++ - +++), and four patients had 3 plus (+++) 
(Fig. 2). One patient’s bone marrow was very faintly visual- 
ized. None had pulmonary radiocolloid uptake. 
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Fig. 2.—Tc-99m sulfur colloid liver-spleen scintigrams demonstrate severe 
splenomegaly with 3-plus reversal of liver-spleen uptake ratio, normal-sized 
liver. Lead marker is placed on right costal margin in left upper scintiphoto. 


All patients’ liver function tests were normal. Leukopenia 
and anemia were found in all patients. The severity of the 
anemia or leukopenia, the degree of splenomegaly, and/or 
the presence of reversal o` liver-spleen uptake ratio were not 
related. 


Discussion 


The most prominent finding in our study was that, in Felty’s 
syndrome, there was virtually no visualization of the bone 
marrow of the sternum, ribs, and vertebrae. There was also 
no pulmonary Tc-99m sulfur colloid uptake. The distribution 
of the radiocolloid in the liver was homogenous. 
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In contrast, in radiocolloid scintigrams of patients with 
cirrhosis of the liver (especially advanced cases), the liver 
showed nonhomogenous distribution of radioactivity. The 
radiocolloid is occasionally sequestered in the lungs, and the 
bone marrow of the vertebrae, ribs, and sternum is usually 
visualized. In addition, scintigraphic signs of ascites may be 
present. 

In addition to cirrhosis of the liver, the most common Causes 
of splenomegaly with significant reversal of the liver-spleen 
uptake ratio include the Budd-Chiari syndrome, toxoplasma 
hepatitis, polycythemia vera, Gaucher's disease, Hodgkin's 
disease, and myelomatosis [4]. The radiocolloid scintigraphic 
findings in these disease entities may be similar to those seen 
in Felty’s syndrome. 

Anemia may aggravate reticuloendothelial cell activity of 
the bone marrow contributing to the bone marrow uptake in 
a radiocolloid study. Even though our patients had had some 
degree of anemia, none of their scintigrams showed radiocol- 
loid localization in the bone marrow. 

One may argue that early alcoholic cirrhosis of the liver 
(fatty infiltration) may simulate the findings in Felty’s syndrome 
scintigraphically, with no bone marrow uptake and diffusely 
decreased uptake in the liver. However, splenomegaly is 
usually absent or less prominent. In addition, hepatomegaly 
may be present in the alcoholic liver, although in our series 
only one patient had mild enlargement of the liver. 

The degree of splenomegaly in our patients was mostly 
categorized as moderate-severe (four out of eight patients); 
two patients were classified as severe or moderate. 

The degree of the reversal of the liver-spleen uptake ratio, 
leukopenia, and/or anemia was not proportional to the degree 
of splenomegaly, a finding that concurs with the previous 
reports [2, 5, 6]. 

Quantification of spleen-liver activity ratio by computer or 
without computer has been described [7-9]. This technique, 
although it was not used in our patients, may be useful in a 
patient with Felty’s syndrome for demonstration of the degree 
of the reversal of the liver-to-spleen uptake ratio quantita- 
tively. Since a significant change of the apparent spleen-liver 
ratio results from moving a patient from the supine to the 
erect position [10], caution must be taken that the criteria for 
anormal or an abnormal ratio are established for each position 
[10]. 

All our patients’ liver function tests were normal, though a 
greater number of Feity’s syndrome patients have been de- 
scribed as having abnormal liver function [2, 5]. Although 
hepatomegaly is reportedly common in Felty’s syndrome [2], 
only one patient in our series had hepatomegaly. 
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The mechanism of the high splenic radiocolloia sequestra- 
tion in a patient with cirrhosis of the liver may be increased 
splenic blood flow, which increases radiocolloid uptake in the 
spleen [4]. 

Apparently, the mechanism of increased blood flow is not 
responsible for the higher radiocolloid sequestration in the 
spleen in a patient with Felty’s syndrome. The exact mecha- 
nism of high splenic uptake of radiocolloid in the spleen of a 
Felty’s syndrome patient is unknown; however, splenic his- 
tology in this disease usually shows substantial geminal cen- 
ter hyperplasia of lymphoid follicles indicating work hypertro- 
phy of the immune system [11]; therefore, the reticuloendo- 
thelial cells in lymphoid follicles of the spleen are increased, 
resulting in high radiocolloid localization in the spleen. 
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Practice of Coronary Angioplasty. Edited by Thomas Ischinger. Berlin: Springer-Verlag, 318 pp., 1986. $79 


This text has 18 chapters written by 18 contributors (including the 
editor) who are internationally known. Because of Its date of issue 
and content, the text is appropriately dedicated In memory of Andreas 
R. Gruentzig. The multiplicity of important subjects covered make it 
an excellent reference book for cardiologists, cardiology fellows, and 
cardiac radiologists who are involved in the practice of coronary 
angiography and percutaneous transiuminaj coronary angioplasty 
(PTCA). It is a must for anyone whose laboratory is about to begin a 
PTCA program. Although it does not replace experience, It does offer 
the benefit of the wealth of experience from these 18 contributors. 

In a systematic fashion, the text covers the historic background 
and mechanism of the pathologic changes that occur with PTCA. It 
describes the clinical selection criteria and rote of noninvasive testing. 
Coronary angiography aids in the selection of patients since it helps 
determine the anatomy, location, morphology, and degree of stenosis 
as weil as their muttiplicity and the extent of collaterals. 

Several chapters deal with the practical aspects of PTCA. The 
necessary organization of a catheterization lab to do PTCA is dis- 
cussed. The necessary equipment and supplies for PTCA are de- 
scribed. Ali of the guiding catheters, balloon catheters, guidewires 
are detailed including an appendix of vendors. The techniques of 
PTCA from the femoral approach and the brachial approach are 
presented and compared. 


Several chapters present the assessment of the overall results of 
PTCA. Much of these data are obtained from the NHLBI—PTCA 
registry. The socioeconomic aspects and the impact on medical 
health care are discussed. An In-depth report of complications, res- 
tenosis rates, and emergency coronary artery bypass graft surgery 
is included. 

The last few chapters deal with the newer, more controversial 
applications of PTCA—such as muiti-vessel/multHesion dilatation, 
PTCA in the evolving myocardial infarct, and PTCA in patients with 
variant angina. it Informs the reader of policies of patient selection 
and management, provides detailed description of techniques, de- 
scribes potential applications, and points out problem areas and 
limitations of the procedures. It is a state-of-the-art report on PTCA. 
Even an experienced angioplasty operator could find some useful 
tips in this text. The editor has gathered an impressive list of contrib- 
utors who write weil and clearly. Most of the diagrams and Illustrations 
are of good quality. A few (especially In Chapter 9) are confusing 
because of their unusuaj otentation. 
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Comparison of Patient 
Responses to High- and 
Low-Osmolality Contrast 
Agents Injected 
Intravenously 





Low-osmolar intravascular radiographic contrast media have recently been introduced 
for clinical use in an attempt to reduce the frequency and severity of side effects. This 
study was undertaken to test patients’ subjective reactions to IV injection of three 
different types of contrast media—iopamidol, meglumine/sodium ioxaglate, and sodium 
iothalamate. The low-osmolar contrast media (ioxaglate, iopamidol) were found to have 
a significantly lower frequency of nonidiosyncratic reactions than the high-osmolar 
contrast media (iothalamate). However, in view of the present cost of low-osmolar 
contrast media and the relatively minor nature of nonidiosyncratic reactions, it is 
concluded that high-osmolar contrast media should remain the contrast media of choice 
for routine IV use. 


IV radiographic contrast media are well tolerated by patients, and their value in 
radiologic procedures is enormous. However, as many as 1.6% of patients who 
receive IV administration of contrast media will develop reactions that require 
emergency treatment [1]. 

A causal relationship between contrast-material osmolality and edverse reactions 
of all types has been postulated [2, 3]. Low-osmolality agents have been formulated 
as a possible means of reducing the frequency of these adverse reactions [4, 5]. 

This study was designed to assess the extent to which these new agents 
influenced the frequency and/or nature of patients’ subjective reactions to IV 
contrast injections. 


Methods and Materials 


Three contrast agents were studied: iothalamate (Conray 420), ioxaglate (Hexabrix 320), 
and iopamidol (Jopamiron 370). lothalamate is the contrast medium that is rautinely used in 
the CT scanner at our hospital. It is a hyperosmolar, ionic contrast medium. loxaglate is a 
low-osmolar but ionic contrast solution whereas iopamidol is a nonionic and low-osmolar 
contrast solution (Table 1). 

One hundred eighty adult patients who were scheduled to have a contrast-enhanced brain 
CT examination were studied. The patients were randomly divided nto three groups, 
according to a preplanned schedule that would assure that the same number of patients 
would be examined using each medium. Sixty patients were entered for each medium. All of 
the patients had previously signed a consent for a contrast injection and Fad been warned of 
the possibility of adverse reactions. 

Each patient was injected with a bolus of 50 ml of contrast medium through a 19-gauge 
butterfly in an antecubital vein. The amount of contrast medium used was the same as that 
used in routine clinical situations; however, the patients in each of the three groups did not 
receive the same dose of iodine. 

After the examination, each patient was asked to complete a questionnaire (Table 2) 
reporting any side effects that they may have experienced during the examination. The 
following grading system was used: 0 = no symptoms, 1 = mild symptoms, 2 = moderate 
symptoms, 3 = severe symptoms [4]. Each patient also indicated the level of anxiety 
experienced before the examination, using the following grading system: 0 = mo anxiety, 1 = 
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TABLE 1: The Relative Costs and Composition of Contrast Media? and their Physical and 


Chemical Properties 


NS SSS 








Relative Osmolality 
Contrast Medium Cost (mosm/kg water) 
lothalamate 1.00 2500 
loxaglate 3.40 580 
lopamidol 5.30 870 


a lothalamate is used as the unit value. 


mild anxiety, 2 = moderate anxiety, 3 = severe anxiety. After the 
examination, patients indicated whether their anxiety level was justi- 
fied. 

Any patient who was confused or for any other reason was thought 
to be incapable of completing the form was excluded. Patients who 
had a specific indication for a low-osmolar contrast injection (e.g., 
previous adverse reactions) were excluded. 


Results 


There were 60 patients in each group. The mean age of 
the patients in each group was approximately 50 years old 
(Table 3). The gender distribution in each group is shown in 
Table 3. There was no statistical difference between the 
anxiety levels of the three groups before the examination. 

None of the patients in any of the groups had a severe 
enough reaction to the contrast injection to necessitate dis- 
continuation of the examination. 

In the iothalamate group, four patients answered negatively 
to all the questions in the questionnaire; 12 patients answered 
negatively in the iopamidol group and 16 in the ioxaglate 
group (Table 3). 

The scores were analyzed by comparing them pairwise— 
that is, iothalamate vs iopamidol, iothalamate vs ioxaglate, 
and iopamidol vs ioxaglate, using the Mann-Whitney test 
adjusted for ties [6]. For every set of frequencies the value of 
the test statistic has been calculated, as well as its standard- 
ized Z value. The Z values are given in Tables 4 and 5. These 
values can be compared with their critical values (i.e., 1.96 in 
the case of two-sided testing at the 5% level, which is 
appropriate when comparing iopamidol to ioxaglate, or the 
value of 1.645 in the case of one-sided testing at the 5% 
level, which is appropriate when comparing iopamidol or 
ioxaglate to iothalamate). 

There was a statistically significant difference between the 
iothalamate group and the iopamidol group in each of the 
following categories: vomiting, generalized flushing, warmth 
in the chest, pain at the injection site, pain up the arm, and 
the belief that preexamination anxiety was justified. lopamidol 
had the lesser effects. 

There was a statistically significant difference between the 
iothalamate group and the ioxaglate group in each of the 
following categories: metallic taste, generalized flushing, 
warmth in the chest, pain at the injection site, pain up the 
arm, and the belief that preexamination anxiety was justified. 
loxaglate had the lesser effects. 

There were no statistical differences between the iopamidol 
and ioxaglate groups in any of the areas studied. However, 
patients who were given iopamidol were more likely to com- 
plain of a metallic taste, pain at the injection site, and pain up 
the arm whereas patients who were given ioxaglate com- 
plained more often of vomiting and urticaria. 


Concentration 
of lodine 
(mg/ml) 


lonic Composition 





Anion Cation 
420 lothalamate Sodium 
320 loxaglate Sodium/meglumine 
370 Nonionic 


TABLE 2: Questionnaire Completed by Patients After a 
Contrast-Enhanced CT Scan Examination 
Sex 


Namo a NE No. 











Answer the following questions by circling the appropriate number. 


Nil Mild Moderate Severe 
1. Were you anxious before the investiga- 
tion? 0 1 2 3 
2. Did you experience any of the following 
side effects from the injection? 
Nausea 
. Vomiting 
Metallic taste in mouth 
. Generalized flushing 
Warmth in chest 
Pain at injection site 
. Pain up your arm 
. Urticaria/itchy skin 
i. Difficulty breathing 
j. Coughing 
k. Sneezing/sniffing 
. If you experienced anxiety before the 
examination, do you think that it was Yes No 
justified? 
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TABLE 3: Mean Age of Patients, Gender Distribution, and 
Number of Patients Having No Symptoms 





Contrast Medium (in a Male Female No Symptoms 
lothalamate 53.35 39 21 4 
lopamidol 49.16 32 28 12 
loxaglate 50.06 27 33 16 


TABLE 4: Z Values for Comparisons Between Idiosyncratic 
Reactions to and Anxiety Levels for Three Contrast Media 


Idiosyncratic Reactions Anxiety 





Contrast Medium 





Urticaria Leas Coughing Sneezing Before Justified 
loth vs lopam 1.35 0.98 0.88 0.82 0.43 «3.02 
loth vs loxag [0.34] 0.65 085 0.37 0.70 +3.02 


lopam vs loxag [1.65] [0.34] [0.02] [0.45] 0.31 0.00 
Note.—Statistically significant (p < 0.05) differences are highlighted with an asterisk (=). 
Brackets indicate that the contrast medium on the right had a higher frequency of side 


effects. loth = sodium iothalamate; lopam = iopamidol; loxag = sodium ioxagiate. 


Discussion 


The three groups of patients were not intentionally 
matched. Each group had a similar mean age. The difference 
in the gender ratios of the groups was incidental and not 
planned. 
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TABLE 5: Z Values for Comparisons Between Nonidiosyncratic 
Reactions to Three Contrast Media 


Nonidiosyncratic Reactions 





Contrast Medium Warmth Pain at 


Metallic 





, . a Pain up R 
Flushing P -A — ron Nausea Vomiting Taste 
loth vs lopam +254 +2.28 +2.57 +1.71 1.10 +2.03 0.68 
loth vs loxag +3.14 +2.15 +3.74 «2.94 0.51 1.35 +2.31 


lopam vs loxag 0.88 0.01 1.40 1.36 [0.60] [1.00] 1.94 


p 
Note.— Statistically significant (p < 0.05) differences are highlighted with an asterisk (+). 


Brackets indicate that the cantrast medium on the right had a higher frequency of side 
effects. loth = sodium iothalamate; lopam = iopamidol; loxag = sodium ioxaglate. 


All the patients in each group began their examinations 
with similar anxiety levels. However, more patients who were 
injected with iothalamate thought their anxiety was justified, 
showing that, overall, low-osmolar contrast injection is less 
of an unpleasant experience for the patient. 

Contrast reactions may be divided into two main groups: 
nonidiosyncratic and idiosyncratic [7]. Nonidiosyncratic reac- 
tions are thought te be due to the high osmolality of the 
contrast media. They include nausea, vomiting, flushing, 
warmth in the chest, pain at the injection site, pain up the 
arm, and a metallic taste in the mouth. The findings of this 
study confirm this because there were statistically significant 
differences between high-osmolar and low-osmolar contrast 
media in all areas studied, except nausea, vomiting, and 
metallic taste. 

There were no statistically significant differences in nausea 
reactions between any of the contrast media. There were 
statistically significamt differences between iothalamate and 
iopamido! with respect to vomiting and between iothalamate 
and ioxaglate with respect to metallic taste; iothalamate had 
the greater frequency and severity of reactions in both cases. 
This is in keeping with previous findings [8]. 

These findings confirm that it is the osmolality of the con- 
trast medium rather than the ionicity that is important in 
nonidiosyncratic reactions [9], since no significant differences 
were found between the two low-osmolar contrast media. 

There were no statistically significant differences between 
the three contrast media with regard to idiosyncratic reac- 
tions. These reactions include urticaria, breathing difficulty, 
coughing, and sneezing. This is in keeping with previous 
findings [10]. 

The absence of statistically significant differences may, 
however, be due to the small number of patients in this study 
and the relative infrequency of idiosyncratic reactions as 
compared with nonidiosyncratic reactions [7]. 

Our results show that there is little difference between 
iopamidol and ioxaglate. However, they are both significantly 
superior to iothalamate with regard to nonidiosyncratic reac- 
tions. 

it would be logica! to suggest that low-osmolar contrast 
media should be used for all IV contrast injections. However, 
the new contrast media are considerably more expensive 
than conventional contrast media (Table 1). Since the differ- 
ences found in this study were mainly nonidiosyncratic and 
never major, rather than idiosyncratic and major, there is no 
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reason to recommend that low-osmolar contrast media should 
be used routinely. The low-osmolar contrast media should be 
reserved for those cases where there are specific indications 
for their use [11]. However, if the prices of low-osmolar 
contrast media are reduced, this recommendation may 
change. 


Conclusion 


This study has shown that there is a statistically significant 
reduction in the frequency of nonidiosyncratic reactions in 
patients injected intravenously with low-osmolar contrast me- 
dia. The absence of a statistically significant difference for 
idiosyncratic reactions may reflect the small number of pa- 
tients in this study relative to the infrequency of idiosyncratic 
reactions. There were no significant differences Detween the 
two low-osmolar contrast media (ionic and nonionic) in any of 
the categories that were studied. 

In view of the present cost of the low-osmelar contrast 
media and the relatively minor nature of nonidiosyncratic 
reactions, the high-osmolar contrast media should remain the 
contrast media of choice for routine IV use. 
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Pancreatic Mumps: A Transient Reaction to IV Contrast 


Media (Case Report) 


Thomas E. St. Amour,’ Bruce L. McClennan, and Harvey S. Glazer 


Pancreatic swelling in response to an IV lodinated contrast 
agent is a phenomenon that has not been previously de- 
scribed. Parotid swelling (so-called iodide mumps) is a reac- 
tion to iodinated contrast material that has been infrequently 
reported [1—4]. This report documents pancreatic and parotid 
enlargement in a patient undergolng a contrast-enhanced 
whole-body CT examination with normalization of both organs 
within 4 hr. 


Case Report 


A 30-year-old woman presented with a 1.5-cm nodule in the right 
lobe of the thyroid gland. The nodule was firm, visible, and palpable. 
The patient was asymptomatic, but a radionuclide study demon- 
strated a corresponding region in the right thyroid lobe that was 
“cold.” Thyroid function tests were normal. When a right thyroid 
lobectomy was performed, a papillary adenocarcinoma was revealed. 

The patient returned approximately 2 years later with complaints 
of right-upper-quadrant pain. A sonographic examination revealed 
focal hyperechoic hepatic lesions, and a CT study was performed to 
evaluate the abdomen for metastatic disease. After the injection of 
75 mi of Conray 400 (sodium iothalamate) by IV bolus and 75 mi of 
Conray 60 (meglumine lothalamate) by drip infusion, the patient 
complained of miki midback pain, which rapidly subsided. The im- 
mediate postcontrast scans demonstrated marked global enlarge- 
ment of the pancreas when compared with the precontrast images 
(Fig. 1). In addition, bilateral but asymptomatic parotid-gland swelling 
was also documented clinically. The patient remained in the depart- 
ment for monitoring, and serial vital signs were normal. Within 4 hr 
she returned for a follow-up CT scan, which demonstrated that the 
pancreatic gland size had returned to near normal; at that time the 
patient was asymptomatic and her parotid giands were no longer 
swollen. A serum amylase and lipase level were obtained after the 
CT scan and both were normal. Urinary amylase was not measured. 
The liver lesions proved to represent multiple cavernous heman- 
gliomas. The patient is asymptomatic 1 year after the CT examination. 


Discussion 


Salivary-gland enlargement is a well-known, albeit unusual, 
complication of IV iodinated contrast media administration for 
contrast-enhanced studies. Parotid swelling occurs within 
several minutes to several days after the iodine load, with the 
majority of cases occurring 2 to 3 days after the radiographic 
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examination [1, 2]. Since the kidney represents a primary 
mode of excretion of lodide, renal failure (present in a large 
percentage of the cases cited in the literature [1, 2]) was 
considered to be a contributory factor in the develocment of 
iodide mumps. In the present case, renal function was normal, 
as evidenced by a normal serum creatinine. The presumptive 
mechanism for parotid-gland swelling is related to the organ 
trapping the inorganic iodine and excreting this anion. How- 
ever, the actual enlargement of the gland is not an obvious 
physiologic response to uptake and excretion of lodide. 

The thyroid gland takes up iodide avidly and actively com- 
petes for the anion wita the parotid and salivary glands. 
Salivary gland accumulation of the halide is independent of 
thyroid function and thus should not be a factor in the path- 
ogenesis of lodide mumps [3]. In this patient, thyroid function 
was normal 2 years after a right thryoid lobectomy and without 
thyroid-suppressive medications. Therefore, the fact zhat she 
had previously undergone surgery for thyroid carcinoma is 
most likely incidental in the present case. 

In 3240 cases of transiumbar aortography analwzed by 
Lang [4], a single case of hemorrhagic pancreatitis was 
documented. This reaction was thought to be due fo direct 
needie damage to the body of the pancreas where it crosses 
anterior to the aorta at L1 [5]. Reports of acute pancreatitis 
following IV contrast administration have appeared [6]. These 
contrast reactions were considered instances of drug-induced 
pancreatitis. 

The present case does not satisfy the clinical criteria of 
acute pancreatitis. There was mild back pain with radiographic 
evidence of pancreatic swelling and rapid reversa. of the 
process. The time course of this reaction satisfies the physi- 
Ologic description of ancioedema—a reaction of the subcu- 
taneous tissues and mucosa of the respiratory or gastrointes- 
tinal tracts characterized 3y evanescent, edematous swellings 
lasting a few hours to several days. This reaction has been 
known to be associated with the administration of contrast 
media in some cases [7]. In addition, plasma histamine, a 
chemical mediator of angioedema, may be elevated in re- 
sponse to the methyiglucamine salts found In contrast media 
[8]. The target organs cited here are not among the anatomic 
sites commonly affected in this reaction, although the corre- 
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Fig. 1.—A, Precontrast CT scan dem- 
onstrates a mormal pancreas. B, Postcon- 
trast CT shows diffuse pancreatic en- 
largement (arrows). The gallbladder wall 
is mildly thickened. 


lation between the clinical symptomatology and the anatomic 
site are frequently not evident. Gallbladder wall thickening 
may represent a response that is similar to pancreatic enlarge- 
ment. 

In summary, the combination of reversible parotid and 
pancreatic swelling after contrast administration represents 
an idiosyncratic or allergiclike reaction. This response shares 
certain common features with the findings in angioedema and 
thus may be pathogenically related to that reaction. 
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Comparison of 





Mammography and 
Transillumination Light 
Scanning in the Detection of 
Breast Lesions 





A prospective study was done involving 822 women who had both film screen 
mammography and a breast transillumination light scan examination. The study popu- 
lation was not randomized; a modified phase-2 study was done. Mammography was 
superior for detecting malignancy: of the 67 pathologically proved breast cancers, 64 
(95.5%) were detected by mammography and 45 (67.2%) were detected by transillumi- 
nation. Biopsy revealed that 74 patients had benign lesions. In this group of patients, 
the false-positive rate was 12.2% for light scanning and 79.7% for mammography; 
however, 117 other patients had false-positive light scans. 


Transillumination light scanning of the breast has received renewed interest in 
recent years. The technique was first used years ago by Cutler [1] and later by 
others, and the results were not good enough to allow it to become a meaningful 
technique in the evaluation of the female breast. Recent reports by Bartrum and 
Crow [2] and by Sickles [3] present conflicting results for transillumination com- 
pared to mammography. Bartrum and Crow reported that mammography and 
transillumination light scanning have essentially equal sensitivities, whereas Sickles 
showed that the sensitivity of mammography is much higher than that of transillu- 
mination light scanning. However, the equipment used in these two studies was 
different. Bartrum and Crow used what currently would be considered state-of- 
the-art equipment, whereas Sickles did not. Geslien et al. [4] used the same type 
of equipment as Bartrum and Crow but reported results similar to those of Sickles. 
Using similar equipment, Merritt et al. [5] found results similar to those of Bartrum 
and Crow. Our equipment was essentially the same as that used by Bartrum and 
Crow, Geslien et al., and Merritt et al. Other reports also noted varied findings [6- 
8], and further studies are being done. 

Because space does not permit a description of the technical aspects of 
transillumination light scanning, the reader is referred to articles by Bartrum and 
Crow [2] and Merritt et al. [5] for details. 

Moskowitz et al. [9] described procedures for evaluating new imaging proce- 
dures. We conducted a modified phase-2 study. All our studies were read in-house, 
not off-site as suggested by Moskowitz et al [9]. We compared the results of 
transillumination light scanning with those of state-of-the-art film screen mammog- 
raphy. Our group of patients included women who we believed would have a high 
likelihood of positive results, although most were apparently normal women. 


Subjects and Methods 


The light scanner used in our evaluation was a state-of-the-art machine manufactured by 
the Spectrascan Company of South Windsor, CT. After a patient underwent mammography, 
she was evaluated with the light scanner, and the results were recorded on both videotape 
and floppy disk. Six views of each breast were routinely done, and all views were recorded 
on videotape. The six views recorded on videotape were a craniocaudad view, a nipple view, 
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and superior and inferior views of both the medial and lateral aspects 
of the breasts. Only four views were recorded on floppy disk: the 
craniocaudad view, the medial view, and superior and inferior lateral 
views. Raw data were recorded on the floppy disks so they couid be 
reprocessed. Raw data were not available from the videotape. Infor- 
mation was recorded so that Images of both breasts could be viewed 
simultaneously on the television monitor. This allowed a comparative 
evaluation of the symmetry between the two breasts. In most cases, 
live scanning was not recorded and only static results were imaged. 
The light scans were all done by one of three technologists. 

All patients who had a satisfactory ight scan were included In our 
evaluation group. In our experience, unsatisfactory light scans were 
infrequent: only 13 (1.6%) of 835 scans were considered unaccept- 
able. Light scans were satisfactory for 822 women who were referred 
for mammography. 

Because of the limited availability of the transilumination fight 
scanning machine relative to the number of patients scheduled for 
mammography, not all patients who underwent mammography 
underwent light scanning. Our alm was to examine as many normal 
and abnormal breasts as possible. The radiologists involved in reading 
the mammograms and light scans had no part in deciding which 
patient would receive light scans on any particular day. The technol- 
ogist in charge of mammography directed patients to the light scan- 
ning area. We tried to examine as many women as possible who had 
abnormal physical examinations (judged by the referring physician) 
or abnormal mammograms (judged by the technologist). The remain- 
der of the patients were randomly picked from the group of women 
referred for screening mammography. Most of the women who had 
light scans were selected from the screening group. 

After the examinations, the videotape and, if necessary, the floppy 
disks were reviewed by a radiologist, who made a preliminary light 
scan diagnosis without having knowledge of the results of mammog- 
raphy or clinical examination. (All light scans were performed by a 
technologist.) The examination was interpreted as normal, benign, or 
suspicious for malignancy. All but a few mammograms were read by 
a radiotogist who did not read the light scan. In the few exceptions, 
the two examinations were read at different times. After the light 
scan was read and results recorded, the clinical history and mam- 
mogram were reviewed. No changes were made in the interpretation 
of the fight scan at that time. 

The final light scan dlagnosis was based on reinterpretation of the 
light scans for the biopsied cases by three of us. Cases in which 
biopsy was done were Interspersed in a designed random format 
with those in which it was not done. The consensus diagnosis arrived 
at during this review was the final light scan diagnosis. In this way 
we were abie to make use of knowledge gained about Interpretation 
during the course of the study. This increased the sensitivity of ight 
scanning over that of our original interpretations. The final mammo- 
graphic diagnosis was the original reading. The mammograms were 
interpreted by one of seven different radiologists. The clinical history 
was available when this interpretation was made. 


Results 


Of the 822 patients who had satisfactory mammograms 
and transillumination light scans, 141 had: lesions biopsied. 
Of these 141 patients, 67 had cancer proved by biopsy and 
74 had benign specimens on biopsy (Table 1). The prevalence 
of cancer in the group of 822 patients was 8.2%. For patients 
with malignant biopsy specimens, the sensitivity was 95.5% 
for mammography and 67.2% for light scanning. No lesion 
was missed by both techniques. 
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TABLE 1: Comparative Results for Mammography and Light 
Scanning In Patients with Malignant and Benign Biopsy 
Specimens 





Light Scans Mammography Resuits _ 
Biopsy Resuit cl a 
Results No. Positive Negative 
Malignant Positive 45 42 3 
Negat ve 22 22 0 
Total 67 64 
Benign Positive 9 7 2 
Negative 65 52 13 
Total 74 59 15 





TABLE 2: Results for Mammography Retated to Presence of 
Breast Malignancy for All Patients Studied" 





Results of Marnmography 
Pathology 
Positive Negative Teta 
Breast cancer 64 3 67 
No breast cancer 100 655 755 
Total 164 658 ` 822 





* Prevalence = 8.2%; sensitivity = 95.5%; specificity = 86.8%; positive predictive value 
m 39.0%; and negative predictive value = 99.5%. 


TABLE 3: Results for Light Scanning Related to Presence of 
Breast Malignancy for All Patients Studied* 


Final interpretation of Light Scans 
Pathology eee A WE ed ON CC nicer 
Positive Negative Tota) 
Breast cancer 45 22 57 
No breast cancer 126 629 755 
Total 171 651 822 


Results for the entire group of patients related to presence 
of malignancy are presented for mammography (Table 2) and 
light scanning (Table 3). 

Among patients with benign lesions, the false-positive rate 
was 12.2% for light scanning and 79.7% for mammography. 
A total of 117 patients had a positive light scan but did not 
undergo biopsy. No patients underwent biopsy on the basis 
of the results of light scanning alone. The patients who had 
positive light scans and 10 biopsy are being followed. 

Fifty-two (77.6%) of the 67 cancers removed were infiltrat- 
ing duct-cell carcinomas, whereas 7 (10.4%) were in situ 
carcinomas. The light scan falled to detect five of the seven 
in situ cancers. One of the seven was missed by mammog- 
raphy; the lesion was discovered because a palpable cyst 
was biopsied, and the cancer was found incidentally alongside 
the cyst. Other malignancies were one lymphoma, four infil- 
trating lobular carcinomas, one adenoidcystic carcinoma, one 
grade-2 mucinous adenocarcinoma, and one grade-2 tubular 
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adenocarcinoma. Twenty-one (31.3%) of the carcinomas 
were Clinically occult. Of the 21 patients, 11 (52.4%) had a 
positive light scan and 10 (47.6%) had a negative light scan. 
Thus, the sensitivity for occult lesions with light scanning was 
52.4%. 


Discussion 


Although the study was not randomized, it included a large 
number of normal patients and a significant number of patients 
with malignancies. The sensitivities of this study probably will 
change because we do not know the number of patients who 
will have breast cancers removed during the next 1 or 2 years. 
Because many of our patients are not from our local area, we 
will not have direct follow-up. 

Of particular interest are the 117 patients we are following 
who had a positive light scan and no biopsy. All patients have 
now been contacted at least 1 year after their light scan 
examination, and we know of no new breast cancers devel- 
oping in this group of patients. We believe that biopsy in 
patients with only a positive light scan is not justified. Al- 
though, based on our operative results, light scanning ap- 
pears to be more specific than mammography, actually the 
specificity for both is nearly the same, as many patients also 
have false-positive light scans. Apparently, patients who have 
false-positive light scans do not necessarily have false-posi- 
tive mammograms. We will continue to follow up the group 
that had false-positive light scans. 

The high false-positive rate for mammography within the 
group of patients biopsied is not unexpected. Many of the 
benign lesions biopsied were nonpalpable. At our institution, 
previous experience with nonpalpable lesions (preoperatively 
localized mammographically) shows that 73% of them were 
benign at surgery [10]. If light scanning proves to be accurate, 
it could help decrease the benign biopsy rate. However, the 
sensitivity of light scanning, in our hands, does not justify 
allowing it to influence the decision about biopsy. Our results 
show that the sensitivity of mammography is superior to that 
of transillumination light scanning. 

Some of the diagnostic criteria used for interpreting light 
scans are of uncertain and debatable value. These include 
skin and vascular changes. Skin changes can easily be intro- 
duced by the examiner. No clear criteria have been estab- 
lished for evaluating vascular changes. Much remains to be 
learned about the importance of both these factors in the 
interpretation of light scans. We did use vascular changes as 
one of our diagnostic criteria, including significant asymme- 
tries in vascularity between the two breasts, increased size 
of major vessels, vessels oriented in an unusual fashion, and 
the presence of tiny vessels suggesting neovascularity. The 
most important criterion that we used was the absorption of 
light, as indicated by overall or focal areas of decreased light 
transmission. Areas of increased light transmission were seen 
with benign cysts. Next in importance was the relative amount 
of light transmitted in the far-red and near-infrared spectra. 

We were interested in determining whether breast paren- 
chymal patterns, as defined by Wolfe [11], influenced the 
results of light scanning. Among the 22 patients who had 
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malignant biopsy specimens and false-negative light scans, 
10 (45.4%) had fatty-type (N or P1) parenchymal patterns and 
12 (54.6%) had dense (DY or P2) parenchymal patterns. 
Among the 45 patients with malignant biopsy specimens and 
true-positive light scans, 19 (42.2%) had N or P1 patterns 
and 26 (57.8%) DY or P2 patterns. Thus, parenchymal pat- 
terns do not seem to explain the difference in sensitivity 
between light scanning and mammography. 

‘We encountered technical difficulties in examining some 
patients with very dense breasts and some patients with very 
large breasts because transmission of sufficient light to get a 
satisfactory light scan was impossible. A third problem group 
involved patients with so-called pancake-type breasts—thin 
breasts that hang down along the torso. For these, transmit- 
ting light evenly through the breast was difficult. 

Three patients had false-negative mammograms and true- 
positive light scans. One patient had a palpable mass that 
proved to be a cyst. The patient did not have a sonographic 
study. Adjacent to the mass (cyst), a 7-mm focus of intra- 
ductal carcinoma was incidentally found. The light scan had 
been interpreted as positive and the mammogram indicated 
only benign disease. The changes seen in tne light scan that 
led us to call the study positive were not those typically seen 
with a cyst. There was slightly increased light absorption in 
this area. Needle aspiration of the mass had not been at- 
tempted. The second patient had Paget's disease with ob- 
vious Clinical findings but no mammographic findings. The 
light scan of this patient was read as positive. The third 
patient was a woman who had a 6-mm cancer near the nipple. 
The mammogram had been read as negative, but the surgeon 
was concerned about a minor area of physical abnormality 
and believed that he could see a slight area of increased 
density on the mammogram. In retrospect, there was a small 
area of increased density on the mammogram that corre- 
sponded with the physical findings. The light scan of this 
patient was read as positive. In all three cf these patients, 
biopsy would have been done regardless of the results of the 
light scans. 

Light scanning was poor, however, in the group of patients 
with clinically occult malignancies, compared with scanning 
for the entire group. It detected only 11 (&2.4%) of the 21 
lesions in this group—a group that is exceedingly important 
when we consider the possibilities for screening. 

For the entire group of women with malignancies, almost 
half of the light scans were initially interpreted as normal. Our 
sensitivity was increased to the final level on the basis of 
rereading. Some significant oversights were made in our initial 
readings. 

We encourage other groups to continue “esting this tech- 
nique. Although our results are discouraging, long-term fol- 
low-up results should be obtained before totally dismissing 
transillumination as unhelpful. Thorough testing 's necessary, 
however, before widespread marketing of this unproved tech- 
nique is undertaken because of the expense involved. 
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Editorial 





Screening Mammography 


This editorial, based on a recent sounding board article in 
the New England Journal of Medicine [1], was written at the 
request of the editor of the AJR with the subject matter to be 
more reflective of the interests of radiogists. 

The medical community is in general agreement with the 
recommendations of the American Cancer Society, American 
College of Radiology, National Cancer Institute, American 
College of Obstetrics and Gynecology, and American Acad- 
emy of Family Physicians, that women should have a baseline 
mammogram at the age of 35 to 40, variable interval follow- 
ups until 50, and annual examinations thereafter. The Breast 
Cancer Detection Demonstration Project [2] showed a prev- 
alence of seven cancers per 1,000 screening mammograms, 
with an annual incidence of three per 1,000. Forty-two percent 
of these neoplasms were nonpalpable and detected only by 
mammography. Only 9% were mammographically negative 
and detected only on physical examination. Not only does 
screening mammography detect early neoplasms but it can 
substantially reduce mortality from breast cancer as shown 
in the Hospital Insurance Plan of New York study [3] and in 
more recent reports from Holland [4] and Sweden [5]. The 
latter study of 135,000 randomized women followed for 7 
years showed a 31% reduction in mortality from breast cancer 
and a 25% reduction in the proportion of Stage Il or more 
advanced tumors in the group offered screening mammog- 
raphy every 2 to 3 years, as compared with the control group 
not offered screening. By comparison, other common imaging 
techniques, such as upper gastrointestinal examinations in 
the diagnosis of cancer of the esophagus or stomach, CT in 
the diagnosis of cancer of the pancreas, and chest radi- 
ographs in most cases of cancer of the lung, have little impact 
on prognosis. 

There are substantial manpower, monetary, and techno- 
logic problems associated with such a large-scale screening 
program. The fully implemented recommendations would re- 
quire the equivalent of yearly mammography for almost 50% 
of adult women: eight examinations per radiologist per work- 
ing day! A relatively high degree of training and experience is 
necessary to obtain and interpret these examinations. If high- 


quality and low-cost mass screening mammography is to 
become a reality it would be desirable, in my opinion, to use 
nonphysician radiology assistants to interpret uncomplicated 
examinations. However, this controversial suggestion would 
have obvious political and legal ramifications. 

Mammographically suspicious but nonpalpable breast le- 
sions are common. At our hospital biopsies are currently 
performed for seven such cases per week, as compared with 
only one per week 4 years ago. There is a developing surgical 
breast subspecialty largely devoted to assessment of abnor- 
malities and equivocal abnormalities identified on screening 
mammograms. 

In most large series, using experienced mammaographers, 
20 to 30% of biopsied nonpalpable breast lesions are carci- 
noma [6]. These lesions represent a heterogeneous group of 
small masses or microcalcifications or both. Radiologists differ 
in their criteria for biopsy of nonpalpable breast abnormalities. 
The most aggressive recommendation is that the criteria 
should yield a positive biopsy in 10% of cases [7]. Since 
some abnormalities have a very high suspicion of malignancy, 
a 10% overall rate of carcinoma would mean sampling some 
lesions with a lower estimated risk of malignancy, perhaps 
5%. As reported in the literature [8] and confirmed in my own 
experience, a sharply defined mass greater than 1 cm in 
diameter, which is a common nonpalpable mammographic 
finding, usually represents a fibroadenoma and as an ap- 
proximately 2% chance of being malignant. Biopsies are 
commonly performed for such lesions. Our radiology depart- 
ment is asked to perform approximately six preoperative 
mammographic localization procedures each week for non- 
palpable lesions seen on “outside” mammograms. The ra- 
diologist’s report recommends biopsy, usually because “ma- 
lignancy cannot be excluded.” In half of these cases we 
estimate the chance of malignancy to be less than one in 20, 
and suggest mammographic follow-up as an alternative to 
biopsy. Many surgeons are understandably reluctant to follow 
this recommendation because carcinoma will inevitably be 
detected in some of these patients. Radiologists are in a 
similar position. As the recommendations for screening mam- 
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mography are more fully implemented, an increasing number 
or breast cancers will be diagnosed in women who have had 
a “negative” mammogram within the previous 1 to 2 years. 
The medicolegal implications for mammographers are evident. 
Patients, who have ready access to radiology reports, are 
understandably even more concemed than their physicians 
about even the remote possibility of cancer. In my experience 
most patients wiil insist on having a mammographically iden- 
tified breast abnormality removed, even if the chances of 
carcinoma are estimated to be one in 50, or one in 100! 
Biopsies performed on that basis would clearly go a long way 
toward occupying the services of the excess number of 
surgeons in this country. 

is it reasonabie to perform 100, 50, or even 25 breast 
biopsies, and the accompanying preoperative radiologic lo- 
calizaton procedures, in order to discover one nonpalpabie 
carcinoma? In most instances | think not. The average breast 
carcinoma takes about 8 years to become 1 cm in diameter. 
in the case of the rare, sharply marginated carcinoma, the 
growth rate is probably even slower. Follow-up mammogra- 
phy to assess any increase in size and potential malignancy 
would usually delay diagnosis 4 to 12 months (initial repeat 
mammogram in less than 4 to 6 months is, in my opinion, 
rarely indicated: in the largest series with which | am familiar 
32 subsequently proven cancers followed by sequential mam- 
mograms had doubling times ranging from 100 days to no 
change with a median of 325 days for those that did grow) 
[9]. It is unknown how these relatively short delays might 
affect prognosis, particularly in the approximately one-quarter 
of nonpaipable breast carcinomas that are noninvasive (in 
situ). Preoperative mammographic localization and surgical 
biopsy are expensive, emotionally stressful for the patient, 
and like any invasive procedure, they are not without compii- 
cations. These include vasovagal responses, infection, and 
loss of the foreign-body localization marker within the breast. 
Depending on the experience of the radiologist and surgeon, 
and the location of the lesion within the breast, there will be 
a small to moderate rate of fallure to remove the suspicious 
area. 

In a recent review of preoperative breast localizations, 
Meyer et al. [6] stated: “The decision as to whether a lesion 
is suspicious enough to warrant blopsy must be based on 
sound principles of mammographic interpretation supported 
by a considerable clinical experience in breast imaging. Al- 
though mass lesions and calcifications may assume an ap- 
pearance typical of malignancy, a large percentage of occult 
abnormalities lle in a relatively grey zone where preoperative 
separation is more ambiguous.” The large number of screen- 
ing mammograms currently being performed, with multiples 
of this number projected for the future, necessitates that 
many of these examinations be interpreted or acted upon by 
radiologists and surgeons who have had little formal training 
in this modality. Although breast Imaging centers are now 
commonplace at neighborhood malls and mammography has 
become a routine examination in most radiologic offices, the 
“considerable clinical experience” of which Meyer talks is 
often lacking. Nor will this experience be quickly gained if 
biopsies are not performed at the same location as the initial 
mammogram. | have found that the problem is overwhelmingly 
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one of overinterpretaticn rather than underinterpretation, 
aided and abetted by the present medicolegal climate and an 
understandable phobia about breast cancer. 

i would make a number of recommendations regarding 
nonpalpable breast abnormalities. First, the use of the nearly 
meaningless phrase “malignancy cannot be excluded,” with 
its highly charged emotional and medicolegal implications, 
should be abandoned. Second, when there Is a low probability 
that a mammographic abnormality represents carcinoma (less 
than one in 10 or one in 20) specific mammographic recom- 
mendations for biopsy should be omitted or tempered with 
an alternative recommendation for mammographic follow-up. 
Third, radiologists, surgeons, and patients should be encour- 
aged to seek a second opinion when dealing with indetermi- 
nate abnormalities. Such consultations, whether written for- 
mally or rendered Informally, are easily obtained and usually 
provide emotional support for the patient as well as clinical 
and medicolegal support for the surgeon. The common-sense 
approach of obtaining a second or even a third opinion is 
used everyday in the routine interpretation of difficult mam- 
mograms in imaging departments with more than one mam- 
mographer. A second opinion may also be helpful when an 
additional examination, such as a magnification view or so- 
nography study, not available In many departments, may allow 
more definitive assessrrent of the area in question. Finally, 
mammographers should attempt to obtain pathologic data on 
patients for whom they have recommended a biopsy. No 
book or lecture can substitute for this type of teaching, which 
shoukd be a cornerstone for residency training In mammog- 
raphy. 

Finally, let me reiterate my endorsement of screening mam- 
mography. Almost one in 10 American women will get breast 
cancer. It Is the number-one cause of death in women aged 
35 to 50 with a peak incidence age 50 to 60. After no change 
in mortality for the past 50 years [10] those women undergo- 
Ing screening mammography can now anticipate a one-third 
reduction in their chances of dying from this disease. In middie 
aged and older women, the value of this screening examina- 
tion is probably greater than an electrocardiogram or chest 
radiograph and the surge in interest in low-cost screening 
examinations ($30 to $60) may put mammography on a near 
equal cost/benefit footing with such sacrosanct studies as 
blood pressure measurement, urinanalysis, and routine blood 
tests. | anticipate screening mammography becoming a rou- 
tine examination for many women at the time of elective 
hospital admission. Havińg spent much of my academic career 
cautioning against the overutilization of imaging procedures, 
| am delighted to extol the virtues of this examination. 


Ferris M. Hall 
Department of Radiology 
Beth Israel Hospital 
Boston, MA 02215 
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MRI Simulator for Instruction 
in Pulse-Sequence Selection 





An ordinary desk-top microcomputer was programmed to simulate MR images for 
specified spin-echo pulse sequences. Model pixel maps of proton density and T1 and 
T2 relaxation times were made from published estimated values for regions of the 
human head, neck, and spine. Images were generated and displayed from the model 
maps and user-specified pulse-sequence parameters in less than 30 sec/image. Models 
for various pathologic conditions, including calcification, subacute hemorrhage, poren- 
cephaly, lipoma, and multiple sclerosis, were superimposed on the images of normal 
anatomy to create unknown cases. Simulated images can easily demonstrate the effect 
of pulse-sequence selection on the contrast of normal structures and pathelogic condi- 
tions. Use of simulated images is an excellent technique for gaining experience in pulse- 
sequence selection. Low-cost microcomputers can provide adequate image detail and 
reasonable image display time of synthetic MR images for teaching purposes. 


One of the major determinants of MRI contrast is the pulse sequence used to 
produce the image. With strikingly different appearances, MR images of the same 
patient may be produced by varying the pulse-sequence values [1]. This can be 
very confusing to those unfamiliar with MRI. Selection of the proper pulse-sequence 
parameters is essential in detecting and optimally characterizing a lesion. In fact, 
imaging with the wrong pulse sequence may render a lesion invisible. 

For radiologists and others to become familiar with the effects of varying pulse- 
sequence parameters on normal and pathologic MR images, it is often necessary 
to spend a great deal of time actually trying out different sequences on a scanner. 
Because of the long scan times and limited access to MR scanners, experimenting 
with sequences is time consuming and often impractical. Techniques for MR image 
synthesis from proton density and T1 and T2 information, which usually require 
large computers and/or specialized hardware, have recently been described 
[2-6]. 

We have developed a microcomputer-based MR imaging simulator that allows 
physicians to gain direct experience with pulse-sequence information and that 
rapidly displays simulated images of normal and pathologic anatomy with any pulse 
sequence the user specifies. 


Materials and Methods 


A desk-top microcomputer (Data General SP/10, Westboro, MA) was used for simulation. 
Originally designed for use during our visiting MR fellowship program, the system has a Data 
General Micro-eclipse central processing unit with 512 kilobytes of random access memory 
(RAM) and a 38-megabyte hard disk. The monitor displays 640 x 480 (interlaced) pixels and 
is capable of displaying up to 16 of 4000 colors and/or gray levels. The program was written 
in Fortran and required roughly 25 kilobytes of RAM. Image storage on the hard disk required 
an additional 250 kilobytes. 

The display program calculated an intensity value (I) for each pixel of each tissue region 
from the spin-echo equation: 
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Fig. 1.—Standard tissue types (gray matter, white matter, cerebrospinal 
fluid, and fat) are integrated into a simple anatomic model of the axial head 
through level of lateral ventricles. Effect of various pulse sequences with echo 
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This equation is valid for single-echo experiments only [7]. Estimated 
values for proton density (H) and T1 and T2 relaxation times were 
obtained from the literature [8, 9]. In order to decrease image gen- 
eration and display times, a table look-up scheme was used rather 
than assigning a separate set of parameters for each image pixel. 
The user specified the repetition time (TR) and echo time (TE). The 
resulting intensity values were then normalized and mapped for 
display onto a range of image brightness levels. 

For the sake of simplicity, flow, diffusion, and chemical shift mod- 
eling were not attempted. Also, the important issue of signal-to-noise 
was not modeled. With increasing TE and decreasing TR, image 
signal-to-noise decreases. Although this could be simulated with a 
random noise function that varies with TE and TR, signal-to-noise 
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times (TE) from 28 to 224 msec and repetition times (TR) from 150 to 4000 
msec is shown. (Image in lower left-hand corner, calculated for a TR of 150 
and a TE of 224, is impossible to obtain directly). 


simulation was not included in our present model. 

The standard tissue types were incorporated into simple anatomic 
drawings traced from MR scans of the human head and spine. The 
effects of pulse sequences on the image appearance could then be 
manipulated again (Figs. ~ and 2). 

Next, a set of pathologic cases presented as unknowns could be 
Studied in the same fashion (Fig. 3). Pathologic conditions were 
simulated by replacing an area of normal tissue with one of the 
abnormal tissue types. =stimates of the tissue parameters were 
obtained from the literature [8, 9]. Pathology was also simulated by 
placing regions of normel tissue, such as cerebrospinal fluid (CSF), 
fat, and gray matter, in abnormal locations. No attempt was made to 
distort the normal anatomy other than to overlay the pathologic tissue. 

Although the actual elapsed time for generation and display of 
simulated images was less than 30 sec, the acquisition time for real 
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Fig. 2.—Graph of MR signal intensity (in arbitrary units) for gray matter, 
white matter, and cerebrospinal fluid vs repetition time, showing the “crossover” 
relationships in signal intensity. 


images on an MR scanner is usually longer. Thus the time required 
on an actual scanner for the specified pulse sequence was also 
displayed_allowing the user to appreciate the effects that varying the 
TR value has on imaging time. The real acquisition time (T) calculation 
assumed image acquisition with data sampling of 256 phase levels 
with one excitation (n = 1): 


T = TR x 256 X nN. 


In clinical practice, two or three excitations are often used. Therefore, 
the estimated time value is a conservative, best-case situation. For a 
given scan time, TR and n are interdependent. Increasing TR means 
that fewer excitations can be performed and vice versa. 


Results 


The effect of variations of TR and TE on contrast in regions 
of norma! anatomy was easily demonstrated with the simu- 
lator (Fig. 1). The important “crossover” relationships that 
exist between tissue types such as CSF, gray matter, and 
white matter were also qualitatively modeled (Fig. 2). 

A typical teaching session presented several levels for each 
pulse sequence in a simulated patient with unknown pathol- 
ogy. The user then performed as many pulse Sequences as 
necessary to determine the correct diagnosis. Although each 
new image pulse sequence was obtained rapidly, the actual 
elapsed scanning time necessary for real images was also 
displayed. 

A variety of pathologic conditions were simulated. Experi- 
ence with examples of different pathology and pulse se- 
quences illustrates the fact that no one pulse sequence is 
ideal for all pathologic conditions (Fig. 3). 


Discussion 


Becoming familiar with variations in the appearance of 
tissue that has been imaged with different pulse sequences 
is one of the difficulties of learning MR imaging. MRI simula- 
tors are ane way to accomplish this effectively. 
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Low-cost microcomputers are increasingly being used in 
radiology for imaging applications [10]. The task of generating 
simulated MR images from proton density, T1 and T2 maps, 
and pulse-sequence parameters is easily accomplished by 
today's microprocessors. Microcomputer-based MR imaging 
simulators provide a cost-effective means by which busy 
radiologists can become acquainted with MR imaging tech- 
niques through actual “hands-on” experience. For example, 
simulators show the resultant doubling of image acquisition 
time due to changing the TR from 500 msec to 1 sec. 
Meaningful comparisons can only be mace for images ob- 
tained in roughly the same amount of time. 

When the radiologist is comfortable with the appearance of 
normal anatomy with different pulse sequences, pathologic 
conditions may be introduced as unknowns. Because areas 
of pathologic tissue sometimes have no characteristic ana- 
tomic shape or mass effect, the radiologist is forced to make 
a diagnosis on the basis of tissue-signal appearance with 
various pulse sequences rather than on purely anatomic cues. 
Thus, the radiologist can take advantage of one of the most 
powerful capabilities of MR scanning over standard radi- 
ographic techniques—improved soft-tissue contrast. 

The tissue T1, T2, and proton density values were assumed 
to remain constant in the simulation. Because of variations in 
the efficiency of relaxation with resonant frequency, T1 values 
actually vary with magnetic field strength [9, 11]. In the range 
of field strengths used for medical imaging, T2 values are 
fairly constant while T1 relaxation times increase linearly with 
increasing field strength (T1 = 1.83 x Larmor frequency + 
25) [9]. Therefore, the same tissue types imaged with the 
same pulse sequence will have different contrast relationships 
at differing magnetic field strengths. The phenomenon can be 
modeled with the simulator by adjusting tne table of tissue 
T1 values according to the desired magnetic field strength. 

Cost of the simulation system is relatively low. The com- 
puter is “nondedicated” and may be used for a variety of 
other applications, including word processing, data analysis, 
and patient-file management. Appropriate software may be 
written to run the simulation on almost any microcomputer 
with a fairly high resolution display and even a modest gray 
scale. 

As newer, more powerful microcomputers are developed, 
more complex simulations become possible. Future versions 
of the simulators may be expected to include larger gray 
scales and higher spatial resolution. Flow, diffusion, chemical 
shift, and signal-to-noise effects can also be addressed with 
more advanced computers. 

The use of simulated images of normal and pathologic 
conditions is an excellent technique for gaining experience in 
pulse-sequence selection. For teaching purposes, low-cost 
microcomputers can provide adequate image detail and rea- 
sonable image calculation and display times for synthetic MR 
images. 
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Computer-Assisted Scheduling of Radiologists 


William R. Reinus' and William G. Totty 


One of the great attractions of modern radiology practice 
is its diversity. Individuals in a group practice may enjoy 
performing many different types of duties, rotating through 
them on a regular basis. Even in a university setting where 
the practice of radiology has become subspecialized, an 
individual radiologist may participate in any number of duties. 

While this diversity is attractive, it creates a number of 
problems with manpower allocation (i.e., scheduling). Sched- 
ules must in some way be equitable in their allocation of 
radiologists to the required jobs while maintaining the individ- 
ual freedom of the radiologist with respect to vacations, 
meetings, and night call. Ideally, the schedule should also 
take into consideration the individual radiologist’s preferences 
for each of the duties performed, striking a balance between 
the need to fill the jobs and individual preferences for each 
job. 

Unfortunately, scheduling is usually laborious, time consum- 
ing, and difficult. An absolutely fair balance is nearly impossi- 
ble, and keeping all those subject to the schedule happy is 
absolutely impossible. Because no references on personnel 
scheduling and no commercial software designed to schedule 
personnel could be found in May 1984, a program to accom- 
plish this task was undertaken by the first author. Since this 
program was written, three personnel-scheduling programs 
for microcomputers have become commercially available [1]. 
One of these is designed specifically for scheduling employees 
in a retail store, Retail Employee Scheduler (Lansing Com- 
puter Institute, Lansing, MI). Another is designed to do call 
schedules, Call Schedule (Cassel A. L. Computing Enter- 
prises, Smyrma, GA). The last does general scheduling in a 
daily format, WKERSKED (Real-World Software, Flushing, 
NY). 

Our program (On Schedule) was written in Microsoft Basic 
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and compiled using an International Business Machines (IBM, 
Boca Raton, FL) compiler. On Schedule will run on an IBM- 
PC or compatible computer with at least twc dis« drives and 
128 kilobytes of random access memory (FAM). It is confi- 
gurable to run on either monochrome or color systems. The 
program consists of six modules and a corfiguration batch 
file. The six modules serve Master Schedule cefinition, sched- 
ule segment definition, schedule segment calculation, sched- 
ule segment display, schedule information primt, and schedule 
segment library functions. 

On Schedule is capable of scheduling up to 50 employees 
in up to 50 regular jobs. Employees and jobs are defined in a 
named Master Schedule. The program will allow up to 25 
Master Schedules to be stored on a given data disk. Each 
employee is asked to rate relative preferences to perform 
each job on an arbitrary scale determined by the system user. 
Those employees who have a zero preference for a job will 
not be assigned that job when a segment is calculated. 
Therefore, some of the individuals included in the assignment 
routine may be assigned to only some of the jobs. Employees 
who only work at a specified time or on a rigid rotation (e.g., 
a section fellow or part-time staff) also may be given zero job 
preferences since their job assignments need to be desig- 
nated manually before a schedule segment is calculatec. Each 
employee may be designated for up to five special jobs that 
only that employee performs. The allowec vacation, meeting, 
and sick times for each employee are enterec in the Master 
Schedule. Jobs are weighted on a scale from 0 to 1 indicating 
their degree of difficulty or the amount of time they require to 
perform. These parameters, once defined by the user, are 
saved by the program until they are changed cr reset. 

Schedule segments may be calculated in any of four time 
formats: half-day, day, week, or month. The user types in the 
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Start and end dates of the segment to be calculated, and the 
interval dates and days of the week are calculated by a built- 
in calendar algorithm. 

The program allows designation of vacation, meeting, and 
sick times. It will also permit time that has been selected as 
working time to be designated as a holiday, and no one is 
scheduled to work at that time. If the user is making half-day 
or day format schedules, each time unit (i.e., half-day or day) 
may be designated as working or nonworking time. Of course, 
jobs may be assigned manually on nonworking time as the 
need arises. 

The user may calculate schedule segments using one of 
two algorithms created by the author. One algorithm distrib- 
utes work according to the employee's job preferences, and 
the second distributes the work equally without consideration 
for preferences. The first algorithm takes into consideration 
the relative desires of the involved individuals to perform each 
possible job. The greater the preference points an employee 
has for a job, the more likely he is to be picked for the job. 
The equal-duty algorithm disregards preferences and assigns 
employees according to who has performed each job the 
least in the past. This algorithm was designed for developing 
night-call and weekend-duty schedules. 

Since it is often undesirable to have people be candidates 
for a job two time periods in a row (e.g., days in a row), On 
Schedule allows the user to define the time spread between 
job repetitions up to a maximum that the program calculates, 
depending on the number of jobs to be filled and the employ- 
ees available to fill them. Errors in assignment caused by 
overly restrictive assignment parameters are detected and 
recorded for later correction by the user. 

Tallies, both continuous over time and for each schedule 
segment, are automatically kept by the program. This permits 
verification of equality of the amount of work assigned to 
each individual. On Schedule will inform the scheduler when 
an employee has exceeded any individually designated max- 
imum for vacation, meeting, or sick time. Employees and jobs 
may be added or deleted to the schedule definition without 
undue lost time or significant alteration of the tallies kept by 
the program. 

Once created, a schedule segment may be viewed in either 
an employee vs time format or a job vs time format. Further- 
more, on-screen editing is allowed with automatic tally cor- 
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rection. The schedule segments may be printed on an at- 
tached parallel or serial printer in both formats along with the 
tallies and other relevant information. 

A library is available to each Master Schedule. It can be 
used to store schedule segments that have been calculated 
for later review and revision. It may also be used to store 
templates of schedules that will be calculated at some time 
in the future. This allows employees to presubmit vacation 
and meeting requests and have them entered at the time of 
request. 

Since the start of this program 19 months ago, there has 
been an improved degree of satisfaction with the monthly 
schedules. From the point of view of the scheduler, the 
complaint level has decreased. The greatest benefit, however, 
has been a decrease in the time required to create the monthly 
schedules and perform the attendant bookkeeping. Manual 
scheduling required 3 to 4 hr per month while the computer- 
ized method requires less than 1 hr, even though the number 
of employees subject to the schedule has increased from six 
to 10. Considering the high cost of a radiologist’s time, the 
Savings are considerable. 

The six employees who experienced scheduling before and 
after computerization were surveyed. Each was asked 
whether he thought the present system was worse, the same, 
better, or much better than before computerization. Each was 
additionally solicited for comments. Four individuals felt the 
system was better and two felt it was much better. None felt 
the present system was worse. The expressed reasons for 
the improvement were fairer distribution of work and 
smoother functioning of the system. 

While this program was designed primarily for the radiolo- 
gist, initial testing by portions of the technology staff and 
resident staff is also underway. Resident call-schedules for 
6-month intervals have so far been easily handled by the 
program, although no measure of satisfaction has yet been 
solicited. 

The program is available from the first author. Correspond- 
ence should be addressed to the reprint address. 
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Classification of Non-Hodgkin’s Lymphoma 


Yen Wang’ 


Lymphomas are divided into Hodgkin’s and non-Hodgkin's 
lymphomas. Since 1965 when the Rye classification [1] was 
proposed, there has been general agreement on the histo- 
pathology of Hodgkin's disease such that the classification is 
a useful adjunct to treatment planning. However, in non- 
Hodgkin's lymphomas there is still confusion and controversy. 
As a result of the lack of fundamental understanding of 
lymphopoiesis and the associated incomplete cytologic char- 
acterization and identification, the classification and terminol- 
ogy of non-Hodgkin's lymphomas remain in dispute. 

In 1966, Rappaport [2] introduced a classification because 
the traditional terms lymphosarcoma and reticulum-cell sar- 


coma had been used in variable fashion. Rappaport’s classi- 
fication emphasized cytologic features and the significance of 
follicle formation (nodularity). This classification has been 
found to be clinically relevant and reproducible histologically. 
Rappaport’s classification was based on two principles: cell 
distribution (follicular and diffuse) and cell types (lymphocytic, 
mixed, undifferentiated, and histocytic). Unfortunately, with 
the advancement of immunology and cytology some parts of 
Rappaport’s classification have been found to be technically 
and conceptually incorrect [3-5]. Nodular lymphoma has been 
found to arise from follicular B lymphocytes [3-5], arguments 
against substitution of histiocytic lymphoma for reticulum-cell 


TABLE 1: National Cancer Institute Working Formulation of Non-Hodgkin’s Lymphomas’? 


mamma, 





Gender Survival 
Terni Prevalence Ratio eat Common Sites of Initial Extranodal 
(%) (male: Involvement? 
female) ai Wéi 
Low-grade malignant lymphomas 
Small lymphocytic consistent with 
chronic lymphocytic leukemia, plas- 
macytoid 3.6 12 59 58 BM,L,S 
Follicular, small cleaved cell 22.0 1.3 70 7.2 BM,L, S, pleura, Waldeyer 
Follicular, mixed cell Ri 0.8 50 5.1 BM. L.S 
Intermediate-grade malignant lymphoma 
Follicular, large cell 3.8 1.8 45 3.0 BM,L, S, Waldeyer 
Diffuse, small cleaved cell 6.9 2.0 33 3.4 BM,L, S, skin 
Diffuse, mixed cell (small), and large cell 6.9 1.1 38 2.7 Waldeyer, BM, L, S, skin, 


Diffuse, large cell (cleaved/noncleaved) 19.7 


High-grade malignant lymphoma 


Immunoblastic, large cell 79 
Lymphoblastic, large cell 42 
Small noncleaved cell (Burkitt’s/non- 

Burkitt's) 5.0 


Miscellaneous 
Myocosis fungoides, histiocytic, extra- 
medullary, placytoma, unclassifiable, 
others 11.2 


bone 

1.0 35 1.5 Waldeyer, BM, L, S, stom- 
ach, intestines, bone, 
skin 


1.5 32 1.3 BM,L, S, stomach, Wal- 
deyer, intestine 
1.9 26 2.0 BM,L, S, skin, Waldeyer 


2.6 23 0.7 Intestine, Waldeyer, stomach, 
colon, BM, L 


=e 


a See National Cancer Institute study [8]. 


> According to the frequency of involvement. The bone marrow (BM), liver (L), spleen (S), and Waldeyer ring are the common initial 


extranodal sites. 
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TABLE 2: Equivalent Terms Among the Classifications’ 
sr Ss es Se 


Working Formulation 
[8] 





Rappaport 
[2] 





|. Low-Grade Malignant Lymphoma 


Small lymphocytic 
(chronic leuke- 
mia), plasmacy- 
toid 


Follicular, small 
cleaved cell 


Follicular, mixed cell 


Lymphocytic 


well differen- 
tiated 


Nodular, poorly 


differentiated 
lymphocytic 


Nodular mixed 
lymphocytic, 
histiocytic 


Lukes & Collins 
[6] 


EDITORIALS 


BNLI 
[3] 





Small lympho- 
cytic/plasma- 
cytoid lympho- 
cytic 


Small FCC follic- 
ular or follicu- 
lar and diffuse 


Small cleaved 
FCC: large 
cleaved, FCC, 
follicular 


ll. Intermediate-Grade Malignant Lymphoma 


Follicular, large cell 


Diffuse, small 
cleaved cell 


Diffuse, mixed cell 
(small/large) 


Diffuse, large cell 
(cleaved/non- 
cleaved) 


Nodular, histio- 
cytic 


Diffuse, poorly 
differentiated 
lymphocytic 


Diffuse, mixed 
lymphocytic, 
histiocytic 


Diffuse histiocy- 
tic 


lll. High-Grade Malignant Lymphoma 


Immunobliastic, 
large cell 


Lymphoblastic, 
large cell 


Small noncleaved 
cell (Burkitt’s/ 
non-Burkitt's) 


Note.—BNLI = British National Lymphoma Investigation; WHO = World Health Organization; FCC = follicular center cell; CLL = chronic lymphocytic leukemia. 


Diffuse histiocy- 
tic 


Lymphoblastic 


Diffuse undiffer- 
entiated 
(Burkitt’s/non- 
Burkitt's) 


* See National Cancer Institute study [8]. 


Large cleaved 
and/or non- 
cleaved FCC, 
follicular 

Small, cleaved 
FCC, diffuse 


Small cleaved, 
large cleaved, 
or large non- 
cleaved FCC, 
diffuse 


Large cleaved or 
noncleaved 
FCC, diffuse 


Immunoblastic 
sarcoma, T- or 
B-cell type 


Convoluted 
T-cell 


Small non- 
cleaved follicu- 
lar center cell 


Diffuse, lympho- 
cytic, well-dif- 
ferentiated 


Follicular lym- 
phoma, pre- 
dominantly fol- 
licle cells 

Follicular lym- 
phoma, follicle 
cells mixed 
small and 
large 


Follicular lym- 
phoma, follicle 
cells, predomi- 
nantly large 

Diffuse lympho- 
cytic, interme- 
diate, differen- 
tiation (small 
follicle lympho- 
cyte) 

Diffuse mixed 
small lymphoid 
and large cell 
(mixed follicle 
cells) 


Diffuse, undiffer- 
entiated large 
cell (large 
lymphoid cell) 


Diffuse undiffer- 
entiated large 
cell (large 
lymphoid cell), 
plasma cell 
(extramedul- 
lary plasma 
cell) 

Diffuse, lympho- 
cytic poorly 
differentiated 
(lymphoblast); 
convoluted 
cell medias- 
tinal lym- 
phoma 

Diffuse lympho- 
cytic, poorly 
differentiated 
(lymphoblast) 
non-Burkitt’s 
and Burkitt's 
tumor 


Kiel 
[4] 


Lymphocytic 
CLL, lympho- 
plasmacytic/ 
lymphoplas- 
macytoid 

Centroblastic- 
centrocytic fol- 
licular + dif- 
fuse 

Centroblastic- 
centrocytic fol- 
licular + dif- 
fuse 


Centroblastic/ 
centrocytic fol- 
licular + dif- 
fuse 

Centrocytic, 
small 


Centroblastic- 
centrocytic dif- 
fuse; and lym- 
phoplasmacy- 
toid, poly- 
morphic 

Centroblastic- 
centrocytic 
(large); diffuse; 
centrocytic 
(large), and 
centroblastic, 
diffuse 


Immunoblastic 
and T-zone 
lymphoma 


Lymphoblastic, 
convoluted, or 
unclassified 


Lymphoblastic 
Burkitt's type 
and other 
B-lymphoblas- 
tic 


Dorfman 
[5] 
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WHO 
[13] 





Small lympho- 
cytic 


Follicular, small 
lymphoid 


Follicular, mixed 
small and 
large lymphoid 


Follicular, large 
lymphoid 


Diffuse atypical 
small lymphoid 


Diffuse mixed 
small and 
large lymphoid 


Diffuse large 
lymphoid 


Diffuse large 
lymphoid 


Lymphoblastic, 
convoluted’ 
nonconvoluted 


Burkitt's Ilym- 
phoma 


Lymphocytic 


Nodular pro- 
lympho- 
cytic 


Nodular pro- 
lympho- 
cytic lym- 
phobiastic 


Nodular, pro- 
lympho- 
cytic, lym- 
phoblastic 

Diffuse pro- 
lympho- 
cytic 


Diffuse, pro- 
lympho- 
cytic, lym- 
phoblastic 


Diffuse lym- 
phosar- 
coma, pro- 
lympho- 
cytic lym- 
phoblastic 


Diffuse lym- 
phosar- 
coma, im- 
munoblas- 
tic 


Diffuse, lym- 
phosar- 
coma, lym- 
phoblastic 


Burkitt's tu- 
mor 
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sarcoma have been developed [3, 4], and increasing evidence 
shows that most lymphomas regarded as reticulum-cell sar- 
coma (histiocytic lymphoma) are in fact derived from trans- 
formed B or T lymphocytes [3, 4]. In 1972 Lukes and Collins 
[6] proposed a functional classification based on both the 
immunology of the T and B cell system and the recent 
recognition of lymphocyte transformation. But problems arise 
in the classification by Lukes and Collins because a clear 
morphologic differentiation between B and T cells has not 
been possible. Furthermore, the hypothesis of the transfor- 
mation from small cleaved to large cleaved cells in the absence 
of cell division has been challenged [7]. 

For these and other reasons pathologists have been unable 
to agree on a Classification. Several other classifications 
[1-4, 6, 8-13] have been offered. Each stresses some spe- 
cific aspect that is not applicable to the entire pathology of 
the disease. Therefore, controversy about the classification 
of non-Hodgkin's lymphoma has persisted. In 1974 Bennett 
et al. [3] proposed the British National Lymphoma Investiga- 
tion (BNLI) classification with emphasis on cell types—small, 
mixed, and large. Dorfman’s 1974 classification [5] was pro- 
posed as a compromise, but it caused more dispute. The 
1974 Keil classification [4], based on a fundamental division 
between low- and high-grade lymphomas, was proposed by 
six European pathologists. The World Health Organization 
(WHO) [13] proposed its own lymphoma classification in 
1976. 

These six well-known classifications are all in use. The 
most recent effort to resolve the disagreement is the Working 
Formulation proposed by the National Cancer Institute (NCI) 
in 1982 [8]. Twelve internationally Known pathologists inde- 
pendently reviewed 1175 cases of well-documented non- 
Hodgkin's lymphomas and developed a formulation based on 
pathologic morphology, clinical features, and prognosis. The 
Classification provides a means of translating the terminology 
of the six major existing systems of classification. The Work- 
ing Formulation is also useful because it contains relevant 
Clinical information from the largest series of non-Hodgkin’s 
lymphomas ever reviewed by internationally known experts. 

A summary derived from the NCI Working Formulation is 
presented in Table 1, listing prevalence, survival, and common 
sites of initial extranodal involvement of each type of non- 
Hodgkin's lymphomas. The equivalent terms in the six well- 
known Classifications are presented in Table 2. The terms 
“follicular” and “nodular” lymphomas have been used inter- 
changeably and generally indicate a better prognosis than 
diffuse lymphomas. Lymphomas composed of cleaved cells 
are less aggressive than those with noncleaved and convo- 
luted cells. Small-cell lymphomas are less aggressive than 
large-cell lymphomas. 

For evaluation of any classification, certain characteristics 
of lymphomas should be appreciated. Lymphomas that are 
primary neoplasms-of the immune system can be an isolated 
lesion in one organ or multiple lesions in multiple organs. One 
type of lymphoma ean transform into another type during the 
course of the disease [2]. Neoplastic cells do not always 
imitate normal cells despite similar cell characteristics [14]. 

Most of the classification schemes, including the NCI Work- 
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ing Formulation, are based on morphologic characteristics. In 
their classification, Lukes and Collins [15] had attempted to 
categorize lymphomas as B, T, or U (undefined) on the basis 
of the appearance of the cells. The advent o monoclonal 
antibodies has allowed more precise phenotyping of lympho- 
mas based on the B- and T-cell antigens found on the surface 
of the neoplastic cells. The clinical significance of this addi- 
tional information is continually being assessed n large stud- 
ies and may lead to a modified form of the NCI Working 
Formulation that will consider not only the morphology but 
also the phenotype of a lymphoma. 

Classifications of non-Hodgkin's lymphomas have been 
briefly introduced. For clinical use, non-Hodgkin's lymphomas 
are divided into high, intermediate, and low grades; follicular 
(nodular) and diffuse types; large, small, and mixed cell types; 
and lymphocytic, lymphoblastic, immunoblastic, cleaved, and 
noncleaved cell types. Further specification ussng biological 
and cytogenetic methods are being developed, in addition to 
the methods using known morphologic characteristics. Al- 
though these are providing some stimulating data, Lennert et 
al. [16] in 1982 stated that the monoclonal antibodies that 
are presently available are not sufficient for solving all prob- 
lems. Time to collect enough data using the available tech- 
niques and sufficient clinical experience are needed to estab- 
lish a final classification, which will be based on morphology, 
biological and cytogenetic characteristics, and clinical corre- 
lation. Such a classification formulated with better under- 
standing of the basic genesis of non-Hodgkin's lymphomas 
might be acceptable and easily used by most pathologists, 
and might lead to a more ideal tool for clinical management, 
as the Rye classification has for Hodgkin's disease. 
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Language of Certainty 


Marvin L. Daves' 


Not all of us who use impression in our reports do so 
thoughtlessly or because “everyone says it that way” [1]. My 
decision to do so goes back 30 years. | was a second-year 
radiology resident in 1955 and on this particular morning | 
was the “OD” when a request came for a chest consultation. 
Dr. William Reinhoff, affectionately known by his peers as 
“Wild Bill,” and, but for Dr. Graham, the first ever to perform 
a successful pneumonectomy, awaited me. 

“Take a look at these films with me,” he rumbled; “but don't 
tell me what you think. Just tell me what you see!” 

The frontal and lateral chest films of a middle-aged man 
showed an ill-defined density under 2 cm in diameter in the 
right anterior subapical lung (too far forward for tuberculosis). 
“The only thing abnormal | see is this thing,” said |, pointing. 

Dr. Reinhoff obviously had not seen the lesion. Excitedly, 
he grabbed me by the arm and rasped, “What is it, what is 
it?” 

“I don't know,” | replied. “I could tell you what | think but 
you've forbidden that.” 

“Well .. .” he harrumphed, “Give me your impression.” 

Relieved of the need to make the ultimate commitment—a 
specific diagnosis—| could say, “Cancer.” I've since learned 
how happy | should have been to have found the lesion. Our 
sensitivity for single pulmonary nodules under 2 cm in diam- 
eter is 75% or less on first reading [2-5]. Is 75% sensitivity 
what Orrison et al. [1] have in mind when they say “not 
infallibility, but nonetheless a high degree of certainty”? 

Distancing oneself from responsibility is not the sole pur- 
view of residents [6] but symptoms are more manifest at that 
level of experience—symptoms such as (1) verbosity, (2) 
denial, (3) future tense, and (4) nonsense words. (1) Left to 
his own devices the first-year resident dictates long reports 
describing everything normal and abnormal, then repeats the 
abnormal in the impression, avoiding diagnostic terms. Re- 
minded that an impression is not an ultimate commitment, 
the resident gathers courage, limits the body of the report to 
description of abnormalities and puts diagnostic terms in the 
impression. Called on in a conference situation, the resident 
manifests the same insecurity by describing every cyst and 
erosion in an arthritic hand carefully avoiding “commitment 
terms” like arthritis, inflammatory, metabolic, or degenerative. 
Only with persuasion are diagnostic terms elicited. (2) An 
example of diagnosis by denial is “That is not cancer.” The 
subconscious processes the data and supplies the answer, 


but at a conscious level the neophyte radiologist isn’t ready 
for the responsibility. This phenomenon is so common that, 
once pointed out, the residents are soon recognizing impend- 
ing denial and making the diagnosis by dropping'the “not.” (3) 
Putting an answer in future tense is like putting bait on a 
line—if it's wrong maybe it can be retracted. “That's going to 
be the superior mesenteric artery.” (4) The patient has lungs 
and a diaphragm, but his films have lung fietds and dia- 
phragms. “The lung fields themselves are clear,” puts distance 
between radiologist and patient that “The lungs are clear,” 
does not afford. 

As we mature as radiologists and begin to relish our re- 
sponsibilities, we remain human. Our eyes may be on the 
images and our mouths dictating while our minds are else- 
where. Most of the image-reporting mistakes that | make and 
see others make happen in this way. Frankly, I'm surprised 
that Dr. Juhl didn’t counsel Drs. Orrison, Nord, and Kinard 
that while “The subject of the radiographic report is the 
patient’s radiograph .. .” the content of the report is in fact 
totally dependent upon “the radiologist’s mental state” [1]. 
He could have counseled them that the “primary importance 
of the data” is unknown to us (most of the data are frequently 
unknown to us), which makes the suggestion of “a meaningful 
appraisal of the data that can claim ... a high degree of 
certainty” unwise. Hence, | agree with the authors that diag- 
nosis is the responsibility of the clinician and that conclusion 
and judgment involve an equal degree of commitment, lacking 
only the medical aura. If the diagnosis is so compelling as to 
be unavoidable a very compact report is usually possible, 
(e.g., “Left Wrist: Comminuted fracture of the cistal radius 
with mild Colles deformity”). Interpretation is useful but four 
letters longer than impression and, unlike the latter, tends to 
preclude opinions, which are occasionally unavoidable, (e.g., 
“precarious union,” or “satisfactory alignment,” or “improv- 
ing”). In my opinion reading is for poets, palmists, and. it is to 
be hoped, the clinicians who receive our reports. We read the 
films but then we render a report that shoulc include a 
description of the abnormalities and a diagnostic impression. 

Some words and terms persist despite inaccurate and 
misleading connotations. I’ve taken on a number [7], generally 
unsuccessfully, including the nonexistent “ampuila” (as op- 
posed to papilla) of Vater [8], a phrase that suggests a 
dilatation at the confluence of bile and pancreatic ducts and 
that confuses scientists who should know better [9]. My 
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Current project is to replace alveolar and interstitial with lobular 
and interlobular to enhance the understanding that wet lobular 
(acinar) interstitium is indistinguishable from wet alveoli [10]. 
Although the task is probably hopeless, considering how 
ingrained alveolar and interstitial are, | want to point out that 
imprecision is rampant in the language of radiology. Let 
Orrison et al. [1] apply their considerable enthusiasm to fields, 
diaphragms, KUB, IVP, flat plate, cardiothoracic ratio, all of 
the “genics” (cardiogenic, osteogenic, etc.), pubertal pulmo- 
nary artery (the thymus [11]), both (adds nothing to knees, 
hands, etc.), sided (e.g., right sided aortic arch instead of right 
aortic arch), previously (adds nothing in past tense phrases 
such as “. . . has had previous surgery”), interval (there cannot 
be a change without an interval, “no interval change”). Leave 
impression alone. With all its “vague, subjective, and unrelia- 
ble” connotations, it fits. We need it. 
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April 26-May 1, 1987, Miami Beach, FL 
Fontainebleau-Hilton Hotel 


Registration and Hotel Reservations 


Forms for advance registration and hotel reservations will be in the 
January and February 1986 issues of the AJA. 


Scientific Program 


Abstracts of papers to be considered for the program must reach 
the president-elect by Sept. 20. Forms on which to submit abstracts 
are in this issue of the AJR. Please photocopy if additional copies are 
needed. The ARRS Program Commitee will select papers in late 
September and notify authors in mid-October. AJR has first rights to 
all papers accepted for presentation at the ARRS meeting. Send 
abstracts to: 

Raymond A. Gagliardi, M.D. 
Dept. of Radiology 

St. Joseph Mercy Hospital 
900 Woodward Ave. 


Telephone (313) 858-3266 Pontiac, MI 48053 


Refresher Course Program 


A summary of the refresher courses will appear in the AJR in 
January along with advance registration forms. Early registration is 
an advantage in assuring preferred courses in this popular program. 
Dr. J. P. Ferucci, Jr. is program director. 


Scientific Exhibits 

Proposals for scientific exhibits must reach the Chairman of Ex- 
hibits by Sept. 20. Forms, which may be photocopied, are in this 

issue of the AJR. Send completed form to: 
John E. Madewell, M.D. 
Dept. of Radiology 
Baylor College of Medicine 
One Baylor Plaza 


Telephone (713) 799-6362 Houston, TX 77030 


Local Program 


A program of sightseeing, shopping, and entertainment will be 
developed by the Local Arrangements Chairman. Information and 
advance registration forms will be in the January and February issues 
of the AJR. 


President’s Award Papers 


The society offers several cash awards for the best scientific 
papers prepared by residents in radiology. The President's Award 


has a $1000 prize. There are two Executive Council awards of $500 

each. All are presented at the annual meeting. Papers should be 

submitted by Jan. 31 for consideration in this competition. Send 
entries to: 

B. G. Brogdon, M.D. 

Dept. of Radiology 

University of South Alabama Medical Center 

2451 Fillingim Street 

Mobile, AL 36617 


ARRS Membership Requirements 


The American Roentgen Ray Society (ARRS) has two membership 
categories: active and in-training. For active membership, applicants 
must practice radiology in the U.S. or Canada. Each must have 
graduated in good standing from an approved medical school or hold 
an advanced degree in physical, chemical, or biological science and 
be certified by the American Board of Radiology, the Royal College 
of Physicians and Surgeons of Canada, or otherwise adequately 
document training and credentials. 

A member-in-training must be in a radiology residency or postres- 
idency fellowship program or be a postgraduate student in an allied 
science. Status must be verified by the program director. 

For consideration during the 1987 ARRS meeting, completed 
applications must be received no later than Feb. 1. Obtain forms and 
details from: 

Rosalind H. Troupin, M.D. 
Department of Radiology 

Hospital of University of Pennsylvania 
3400 Spruce St. 

Philadelphia, PA 19104 


Associated Society Meetings 


Society for Pediatric Radiology and European Society of Pe- 
diatric Radiology 

The inaugural conjoint International Pediatric Radiology '87 meet- 
ing will meet May 30-June 4, 1987 at the Westin Hotel, Toronto, 
Ontario, Canada. Deadline for receipt of abstracts is February 1, 
1987. For details contact: Donald R. Kirks, M.D., Secretary, Society 
for Pediatric Radiology, c/o Dept. of Radiology, Childrens Hospital 
Medical Center, Elland and Bethesda Aves., Cincinnati, OH 45229, 
(513) 559-4880 


Deadlines 


Abstracts of papers: September 20 
Scientific exhibit proposals: September 20 
Resident’s Award papers: January 31 
Membership applications February 1 
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instructions for Scientific Abstracts 


Proposals are judged by topic and content. New information is preferred, but careful reviews of subjects important to the 
practice of radiology are also acceptable. The content is treated as confidential information. If the material has been presented 
elsewhere, notice to that effect is required. 

The abstract should contain the four essentials of a scientific communication. It should describe the purposes of the study, 
the material and methods used, the principal observations, and their significance to radiologic practice. Brevity is desired but 
not at the expense of information. Factual data are essential. The abstract should be a succinct summary of work done rather 
than a promissory note. Acceptance for publication is encouraged by well organized, factual abstracts. The abstract will remain 
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Manuscripts presented on the scientific program become the property of the Society and will be considered for publication 
in the American Journal of Roentgenology. If publication is not offered by the Journal, publication rights return to the author. 
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instructions for Abstract 
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Indium-111 Leukocyte Scanning for Myocarditis 


i read with Interest the article by Dr. Williamson and colleagues [1] 
in the February 1986 issue of the AJR conceming the use of Indium- 
111 labeled leukocyte scanning for the detection of early myocarditis 
in Kawasaki disease. | did, however, wonder at the reported dose 
administered to the patient: 8800 MBq or 240 mCi would seem to 
me to be more of a therapeutic than a diagnostic dose for this 
particular isotope. For example, at this hospital we would administer 
approximately 0.37 MBa/kg (10 «Ci/kg) when undertaking such an 
investigation, not the 296-300 MBa/kg (8-10 Ci/kg) reported in the 
article. | calculate that an 8800 MBq dose of Indium-111 wouid result 
in an effective dose equivalent of 330 mSv (33 rem) [2]. 

One other fact that struck me about the article was that 2-year- 
ofd chidren are much bigger in Arkansas than in Scotland. 

David Sutton 

Ninewells Hospital & Medical School 
DUNDEE, Tayside, DD1 9SY 
Scotland 


REFERENCES 


1. Wikiamson MR, Wiflamson SL, Seibert JJ. Indium-111 leukocyte 
scanning localization for detecting early myocarditis in Kawasaki 
disease. AJA 1986;146:255-256 

2. Recommendations of the Administration of Radioactive Sub- 
stances Committee. DHSS(HN(84)}5). London 1984 


Reply 


We thank Dr. Sutton for pointing out an unfortunate error. The 
dosage of Indium-111 that we use is actually 8-10 puCi/kg (0.296 
MBq/kg—0.370 MBq/kg). In the patient reported, the dose was 240 
aCi of Indlum-111. We regret any confuston caused by the error. 

Michael R. Willlamson 
University of Arkansas for Medical Sciences 
Little Rock, AR 72205 


intussusception in Adults 


Agha’s article on intussusception in adults [1], as a review article, 
should have mentioned important geographic differences in the Inci- 
dence and clinical presentation of this entity. 


Letters 


In areas of West Africa and Southeast Asia, Idiopathic intussus- 
ception in older children ard adults ls more common than in the 
United States and often presents with a subacute or chronic history 
rather than acutely [2—4]. It is frequently of the ceco-colic variety and 
a mobile cecum has been implicated in the etiology. Diet and intestinal 
infections have also been suggested as causative factors. It is im- 
portant to consider such geographic differences when comparing inci- 
dences stated by different authors. One of Agha’s comparative series 
with a relative high incidence of Idiopathic cases is from india [5]. 

Stanley P. Bohrer 
Bowman Gray School of Medicine of Wake Forest University 
Winston-Satem, NC 27103 


REFERENCES 


1. Agha FP. Review. intussusception in adults. AJA 1986;146:527- 
531 

2. Cockshott WP, Middlemiss H, Eds. Clinical radiology in the 
tropics. New York: Churchil Livingstone, 1979:122 | 

3. Cole GJ. Caecocolic intussusception in Ibadan. Brit J Surg 
1966;53:416-419 

4. Dietrick RB, Lee MH. Intussusception: a different clinical entity 
in Korea. Surgery 1965;57:651-654 

5. Gupta S, Udupa KN, Gupta S. Intussusception in adults. int Surg 
1976;67 :231-233 


Reply 


My article, “Intussusception in Adults,” summarizes a review of 
intussusception in 25 adult patients observed in one major teaching 
institution in the United States during the last 30 years (1956-1985). 
In 23 (92%) of these, causa‘ive factor or factors were identified and 
two were considered idiopathic (4%). The intussusception in adults 
in the United States remains a rare disease and when encountered 
an underlying etiologic factor or factors can be found in over 90% of 
the cases. 

The geographic differences referred to by Bohrer are relevant facts 
to note and | appreciate his efforts in bringing these to the attention 
of the readers. 

Faroog P. Agha 
University of Michigan Hospitals 
Ann Arbor, Mi 48109 
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Abstracts 





Heart 


Studies in vitro of the relationship between ultrasound and laser 
Doppler velocimetry and applicability of the simplified Bernoulli 
relationship. Valdes-Cruz LM, Yogananthan Ap, Tamaur T, Tomi- 
zuka F, Woo!RR, Sahn DJ (UCSD Medical Center, Division of Pediatric 
Cardiology, 225 Dickinson St. H814A, San Diego, CA 92103). Cir- 
culation 73:300-308, 1986 


The authors studied the accuracy of ultrasound Doppler measure- 
ments of flow velocity compared with the gold standard of laser-light 
Doppler anemometry in a pulsatile flow model of pulmonic stenosis 
in vitro. They tested two commercially available Doppler systems and 
examined steered and nonsteered, parallel, and off axis and angle- 
corrected vetocity terminations by using continuous-wave and high- 
pulse repetition frequency methods. They also examined the potential 
range of error in the simplified Bernoulli method (Gradient = 4 x 
maximum instantaneous velocity”). The authors concluded that high- 
pulsed repetition frequency and continuous-wave ultrasound Doppler 
velocimetry accurately determined peak instantaneous flow velocities 
across a wide range of flow states produced with discretely stenotic 
orifice. As long as the angle of incidence of up to 30° between the 
direction of flow and the direction of ultrasound beam can be accu- 
rately determined in two dimensions, then the Doppler sampling line 
could either be steered to be parallel to the jet, or if not, the velocities 
could be mathematically corrected with the cosine of the angle of 
obliquity with a good degree of accuracy. The authors also verified 
the accuracy of the simplified Bernoulli equation for converting in- 
stantaneous velocity measurements to estimate peak instantaneous 
gradient with a theoretical accuracy of +8.4 mm Hg. 


Richard B. Jaffe 


Pulsed Doppier findings in patients with coarctation of the aorta. 
Shaddy RE, Snider AR, Silverman NH, Lutin W (M342A, University 
of California, San Francisco, San Francisco, CA 94143). Circulation 
73:82-88, 1986 


Two-dimensional and Doppler echocardiography was used to ex- 
amine 37 infants and children with coarctation of the aorta and 19 
normal subjects ranging in age from 1 day to 16 years. The differences 
between the Doppler flow signal from the ascending and the descend- 
ing aorta below the coarctation in each patient, as well as the 
differences between the corresponding signals and the aorta of 
patients with coarctation and normal subjects were compared. In 
patients with coarctation, the peak rate of acceleration, acceleration 
time, antegrade flow time, peak systolic velocity, peak velocity of 
flow, and peak rate of deceleration were all significantly different in 
the descending aorta compared with the ascending aorta. These 
measured parameters in the descending aorta of patients with coarc- 


tation were also significantly different from those measured in the 
descending aorta of normal subjects. In eight patients with coarcta- 
tion and patent ductus arteriosus, there was no difference in the 
antegrade flow time between the descending and ascending aorta, 
whereas this was significantly prolonged in the descending aorta 
compared with the ascending aorta in patients with coarctation and 
no patent ductus. The authors concluded that significant differences 
in the pulsed Doppler flow signal in the descending aorta compared 
with the ascending aorta separate normal subjects from patients with 
coarctation. In the presence of a patent ductus arteriosus with 
coarctation, the antegrade flow time is not prolonged but other indices 
remain abnormal. This may provide the means of assessing response 
to prostaglandin administration in critically ill newborns with coarcta- 
tion. 


Richard B. Jaffe 


Echocardiographic assessment of the evaluation of amyloid heart 
disease: a study with familial amyloid polyneuropathy. Kongo M, 
Ikeda S (Shinshu University School of Medicine, 3-1-1 Asahi, Matsu- 
moto 390, Japan). Circulation 73:249-256, 1986 


The evolution of amyloid heart disease in 28 patients with familial 
amyloid polyneuropathy by echocardiography was studied. The inci- 
dence and degree of abnormalities were correlated with the neuro- 
logic disabilities, duration of illness, and age in cross-sectional studies. 
Several studies performed in 12 patients were followed for a mean 
of 27.7 months. At the initial examinations, left ventricular diastolic 
function was reduced in six patients, while systolic function was 
preserved in eight patients. On follow-up examination there were 
significant increases in ventricular septal and posterior left ventricular 
wall thickness, and decreases in compliance, percent fractional short- 
ening, and left ventricular internal diastolic dimension. On the final 
examinations, marked ventricular hypertrophy was found in three 
patients, reduced left ventricular diastolic function in all, impaired 
systolic function in nine, and decreased left ventricular internal dimen- 
sion in three. Highly refractile myocardial echoes hac appeared in two 
patients, pericardial effusion in three, and valve thickening in two. 
The authors concluded that amyloid heart disease in patients with 
familial amyloid polyneuropathy is a slow, progressive disease. 


Richard B. Jaffe 


Assessment and follow-up of patients with aortic regurgitation by 
an updated Doppler echocardiographic measurement of the re- 
gurgitant fraction in the aortic arch. Touche T, Prasquier R, Niten- 
berg A, de Zuttere D, Gourgon R (Hopital Bichat, 46 rue Henri 
Huchard, 75018 Paris, France). Circulation 72:819-824, 1985 


The purpose of this study was to determine the value and limita- 
tions of an updated Doppler echocardiographic measurement of the 
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aortic regurgitant fraction derived from the comparison of forward 
and reverse flows in the aortic arch. The method was based on the 
improvements in sampling and displaying Doppler frequencies and 
biood velocities provided by pulsed-emission, two-dimensional loca- 
tion, and spectral analysis, and on an account for variations of aortic 
diameter through an M mode record of the aortic arch. Relevant 
statistical comparisons were performed between simultaneous non- 
Invasive and invasive determinations of the regurgitant fraction In a 
group of 30 patients with aortic regurgitation (group 1) and between 
simultaneous noninvasive and invasive measurements of variations 
of the regurgitant fraction Induced by atrial pacing or vasodiator 
administration in 12 patients of this group. The two basal determi- 
nations were closely correlated (r = 0.90). The Invasive regurgitant 
fraction ranged from 0% to 80%. The standard error of the Doppler 
estimate was 8.8% in group | as a whole and was only 6% in a 
subgroup of 20 patients with a high systolic aortic flow pattern, 
defined as both peak vetocity above 0.8 m/sec and duration of systolic 
flow above 0.24 sec. This pattern was present in almost all (19/22) 
patients in whom the aortic regurgitation was more than moderate 
by invasive criterion (regurgitant fraction above 40%). The standard 
error of the Doppler estimate of variations of the regurgitant fraction 
was only 6.6%. Among 100 additional patients with aortic 

tion (group I), only 12 had no pandlastolic reverse flow In the arch, 
and their regurgitation was always miid at aortographic examination. 
Among 100 patients without aortic regurgitation (group Ill), four had 
a pandiastolic reverse flow in the arch and each had a left-to-right 
shunt issued from the aorta at the Invasive study. The false-negative 
and false-positive diagnoses of aortic regurgitation on aortic arch 
records were all corrected by the Doppler sampling beneath the aortic 
valve. If the left ventricular sampling confirms the regurgitation and 
the aortic samping displays the high systolic flow pattern, the Doppler 
measurements of the regurgitant fraction in the aortic arch fs remark- 
ably suited to the assessment and follow-up of patients with aortic 
regurgitation. 


Author abstract 


Nervous System 


Changing concepts of acoustic neuroma diagnosis. Barrs DM, 
Brackmann DE, Otson JE, House WF (Wilford Hall US Air Force 
Medical Center, Lackland AFB, San Antonio, TX) Arch Otolaryngol 
111:17~21, Jan 1985 


Three-hundred-five acoustic neuromas were reviewed to determine 
the sensitivity of combining the auditory brain-stem response (ABR) 
and the intravenous contrast-enhanced CT as screening tests for 
acoustic neuroma diagnosis. The ABR detected 98% of the tumors. 
The enhanced CT demonstrated 97% of tumors larger than 1.5 cm, 
but only 48% of neuromas 1.5 cm or smaller. The combination of 
both ABR and enhanced CT, used as the Initial screening tests, 
identified 99% of the neuromas. We conclude that ABR, with en- 
hanced CT as needed, is an accurate ing protocol. This method 
can be used as an alternative to the traditional ABR, electronystag- 
mography, and internal auditory canal tomograms. 


Author Abstract 


Pediatric Radiology 


Behçet syndrome invoiving the gastrointestinal tract—a diagnos- 
tic dilemma in childhood. Stinger DA, Cleghorn GJ, Dure PR, 
Daneman A, Hamilton JR (Radiology, The Hospital for Sick Children, 
555 University Ave., Toronto, Ontario, Canada M5G 1X8). Pediatr 
Radiol 16:131-134, Feb 1986 


Behcet syndrome with gastrointestinal disease is rare in childhood. 
The authors propose that three of the four major criteria (buccal 
ulceration, genital ulceration, eye lesions, and skin lesions) be required 
for diagnosis. Four chidren, from 6 months through 11 years, dem- 
onstrated the spectrum of gastrointestmal! Involvement, from minimal 
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thickening and regularity of the terminal leum to gross regularity 
and deformity, including multiple fistulae. In children, three cases of 
esophageal disease and one of the pharynx are reported In 23 
previously published cases. These gastrointestinal lesions resembied 
Crohn’s disease radiciogically and histologically, and treatment is 
similar, espectally with steroids. Minor criteria, such as the large joint 
arthritis of the four patients here reported, are insufficient to differ- 
entiate the diseases from each other. 


Alan-E. Oestreich 


Traumatic ureteropelvic disruption In the child. Reda EF, Lebowitz 
RL (Radiology Department, The Chidren’s Hospital, 300 L 
Ave., Boston, MA 02115). Pediatr Radiol 16:164-166, Feb 1986 


The severe hyperextension of the trunk necessary to avulse the 
ureter from the renal pelvis is fatal in the adult, but survivable In 
children. This rare complication, reported In 10 previous cases, may 
be unrecognized on an abbraviated excretory urogram, since hydro- 
nephrosis may not occur immediately. Extravasation of contrast 
materlal takes some time to become evident, and urinoma may not 
yet have developed. Such a delay in diagnosis occurred (at other 
hospitals) in two of the three cases of young chiidren (3 to 4 years 
old) presented here. Earty ciscovery of the avulsion allows a much 
higher rate of success in repairing the ureteropelvic Junction. A high 
Index of suspicion in this type of trauma and clearly establishing, on 
urography, If there is continuity of the ureteropelvic junction, are 
important. 

Alan E. Oestreich 


Hip joint fluid in the of the vacuum phenomenon. Mid- 
dieton WD, McAlister WH (Mallinckrodt Institute of Radiology, 510 S. 
Kingshighway Bivd., St. Louis, MO 63110). Pediatr Radiol 16:171- 
172, Feb 1986 


A 3-year-old boy with acute hip pain was shown to have 2 ml of 
hip fluid on aspiration despite the 4-mm thick lucent crescent (vacuum 
phenomenon) produced in chat hip on manual! traction radiography. 
The eventual diagnosis was toxic synovitis. Thus, the vacuum phe- 
nomenon does not fully rule out joint fluid, although no case with pus 
is known to be associated with that finding. 


Alan E. Oestreich 


Radiological findings in children with respiratory syncytial virus 
infection: relationship to cilnical and bacteriological findings. Er- 
Iksson J, Nordhus T, Carisen K-H, Qrstadvik 1, Westvik V, Eng J 
(Department of Radiology, UWeval Hospital, Oslo, Norway). Pediatr 
Radiol 16:120—122, Feb 1986 


Correlation of swab bacteriologic culture results 
with chest x-rays in 137 children (through 4 years of age) with proven 
respiratory syncytial virus bronchiolitis revealed a statistically signifi- 
cant association between atelectasis (collapse without airbroncho- 
gram) and bacterial infection. Otherwise, chest findings, including 
hyperaeration, patchy infiltrates, and occasional hilar adenopathy, 
were typical for the viral bronchioitis. 


Alan E. Oestreich 


Doppler detection of tricuspid regurgitation following Kawasaki 
disease. Nakano H, Ueda K, Saito A, Tsuchitani Y (Division of 
Pediatric Cardiology, Shizuoka Children’s Hospital, Urushiyama 860, 
Shizuoka-shi 420, Japan). Pediatr Radiol 16:123-125, Feb 1986 
Five (4%) of 119 chidren with proven Kawasaki disease had 
tricuspid regurgitation on pulsed Doppler echocardiography. In none 
was this complication revealed by conventional cardiac examination. 
Four of the five had associated coronary artery aneurysm. The 
tricuspid regurgitation was recognized during the acute stage in two 
patients. Tricuspid regurgitation is thus an additional cardiovascular 
complication of Kawasaki disease. 
Alan E. Oestreich 
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Muscles and Skeleton 


A comparison of conventional radiography and computed tomog- 
raphy in the evaluation of spiral fractures of the tibia. Gershuni 
DH, Skyhar MJ, Thompson B, et al. (Veterans Administration Medical 
Center, 3350 La Jolla Village Drive, San Diego, CA 92161). J Bone 
Joint Surg 57-A:1388-1395, 1985 


The authors compared the ability of plain films and CT for assessing 
the quality of the initial reduction of spiral fractures of the tibia. The 
typical two-fragment torsional tibial fractures were created in two 
cadaver tibias. The fracture fragments were studied in various mal- 
reduction positions including varus and valgus angulation, antecur- 
vatum, recurvatum, malrotation, and shortening. Measurements of 
the fracture gap, the degree of rotation, and the amount of shortening 
were made. One clinical case of a fractured tibia that showed similar 
results is also presented. CT permits a more adequate assessment 
of the size of the fracture gap and the rotatory alignment of the 
fracture fragments when compared with plain radiography. CT may 
help avoid potential problems of delayed union or torsional malunion. 


Ray F. Kilcoyne 


Facet joint injection for low back pain. Lynch MC, Taylor JF 
(University Department of Orthopaedic and Accident Surgery, Royal 
Liverpool Hospital, Prescot Street, Liverpool L69 8XP, England). J 
Bone Joint Surg 68-B:138-141, 1986 


The principal source of chronic lower back pain may be difficult to 
determine. The posterior spinal joints may be responsible in middle- 
aged patients who-do not have radiation of pain below the knee and 
who have no radiologic signs of lumbar spondylosis. Plain lumbar 
radiographs may not show abnormal changes in early degeneration 
of these joints. Other authors have reported a 20-30% long-term 
relief of low back pain in patients with the appropriate clinical symp- 
toms who have had injections of local anesthetics and corticosteroid 
into the lumbar facet joints. The authors did a prospective study of 
50 patients thought to have the “facet syndrome.” Fluoroscopy was 
used for positioning of a needle for injection into the facet joint. 
Injection was also made into the next joint above to allow for errors 
in diagnosis due to the overlapping sensory supply. Before the 
therapeutic injection, an arthrogram was performed to confirm the 
intra-articular location of the needle tip. Sixty milliliters of methylpred- 
nisolone were then injected. In 23 of the 50 patients neither one of 
the steroid injections could be given intra-articularly, but were given 
in the soft tissues adjacent to the facet joint. This failed-injected 
group provided a usable control for the study. Results indicated only 
intra-articular injections are effective and certainty of joint penetration 
can be insured only by the routine use of joint arthrography. At the 
end of 2 weeks, 39 of the 50 patients had partial or total relief of their 
low back pain. 


Ray F. Kilcoyne 


Arthrography of the shoulder after operative repair of the torn 
rotator cuff. Calvert PT, Packer NP, Stoker DJ, Bayley JIL, Kessel L 
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(Hinchingbrooke Hospital, Hinchingbrooke Park, Huntingdon, Cam- 
bridgeshire PE18 8NT, England). J Bone Joint Surg 68-B:147-150, 
1986 


Double-contrast shoulder arthrography was performed in 20 pa- 
tients at an average of 30 months after operative repair of a torn 
rotator cuff. Standard double-contrast technique was used for ar- 
thrography. The arthrographer attempted to characterize rotator cuff 
tears as large (2 cm or more) or small (1 cm or less). Eighteen of the 
20 shoulder arthrograms demonstrated some leak inte the subacrom- 
ial bursa compatible with residual rotator cuff tear. Omly two patients 
were estimated to have large rotator cuff tears. Despite this evidence 
of tear, 17 patients had complete relief of pain and 15 had a full range 
of shoulder elevation. The results suggested that a completely wa- 
tertight closure is not essential for a good functional result, and that 
arthrography may not be helpful in the investigation of failure of repair. 


Ray F. Kilcoyne 


Stress fractures of the second metatarsal involving Lisfranc’s 
joint in ballet dancers. Micheli LJ, Sohn RS, Sclomon R (300 
Longwood Avenue, Boston, MA 02115). J Bone Joint Surg 67- 
A:1372-1375, 1985 


Four cases of stress fractures of the proximal porticn of tne second 
metatarsal in women ballet dancers are reported. The fracture line 
runs obliquely through the base of the metatarsal extending into the 
articular surface. The fracture may be very difficult 0 diagnose on 
initial radiographs. Oblique films, tomograms, and a bone scan may 
be necessary to confirm the diagnosis. In three of the four patients 
the fracture healed with immobilization and modified training. One 
patient required surgical resection because of persistent nonunion. 


Ray F. Kilcoyne 


Oncology 


A clinical microwave hyperthermia system with multipoint real- 
time thermal dosimetry. Sathiaseelan V, Howard GCW, Har Kedar 
|, Bleehen NM (MRC Center, Hills Road, Cambridge CB2 2QH Great 
Britain). Br J Radiol 58:1187-1195, Dec 1985 


A clinical hyperthermia system that used a 915 MHz microwave 
generator and incorporated multipoint thermocouple ‘thermometry is 
described. Temperatures could be monitored simultaneously at 16 
points and measurements displayed on a visual display unit and a 
plotter. The power output of the generator was adjusted under 
computer control to maintain a constant predetermined temperature 
in a chosen control channel. A clinically useful feature of the system 
is the ability to determine the effective cumulative thermal dose 
delivered to the tissue at points monitored in real-time. The basis for 
the thermal dose calculation is discussed in detail. The calculated 
dose parameter is displayed for each of the 16 channels during the 
treatment and updated every 30 sec. This real-time display of a 
thermal-dose parameter has made possible a more homogeneous 
heating of tumors. 


Author abstract 
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Diagnostic Ultrasound in Obstetrics and 
Gynecology 

The 15th annual course In diagnostic ultrasound in obstetrics and 
gynecology sponsored by the Department of Radiology, The Johns 
Hopkins Medical Institution, will be held from Sept. 5-7, 1986, at the 
Baltimore Mariott-Inner Harbor, Baltimore, MD. Credits: 18% Cate- 
gory 1 credits of the AMA ACOG cognates. Fee: 3 days $325.00 
physicians; $250.00 sonographers/RNs. Course Guest Speakers: 
Drs. Sturla Eik Nes (Norway); Roy Filly (California); Ed Grant (D.C.); 
Al Kurtz (Pennsylvania). Hopkins Speakers: Drs. Roger Sanders, 
Nancy Callan, Wolfgang Dahnert, Ulrike Hamper, Tim Johnson, Anna 
Nussbaum, and Shella Sheth; Nancy Smith Miner and Irma Wheslock 
Topper. Information: Carlita M. Kearney, Sr. Program Coordinator, 
Office of Continuing Education, Room 19 Turner, 720 Rutland Ave- 
nue, Baltimore, MD 21205; (301) 955-3168. 


Current Topics in Diagnostic Radiology 


NYU Medical Center-Post-Graduate Medical School will offer a 
course on the latest developments In radiology and review important 
Issues and current approaches In the flekd on Sept. 8-12, 1986, at 
Southampton Princess, Bermuda. The course will include moming 
lectures, afternoon workshops, and refresher courses. Fee: $485, 
Category 1 credit: 26.5 hr. Information: NYU Medical Center-Post- 
Graduate Medical School, 550 First Ave., New York, NY 10016; (212) 
340-5295. 


Transrectal Ultrasound in Diagnosis and 
Management of Prostate Cancer 


An international symposium on transrectal ultrasound in the diag- 
nosis and management of prostate cancer, sponsored by the De- 
partment of Radiology of the Catherine McAuley Health Center in 
Ann Arbor, MI, wil be held on Sept. 11 and 12, 1986, at the 
Renaissance Center In Detroit, MI. The symposium wil cover all 
aspects of transrectal ultrasound in diagnosis, treatment, and man- 
agement of prostate cancer. Co-directors: Drs. Fred Lee and Richard 
McLeary. Fee: $400 for physicians, $200 for residents and other 
health professionals. Category 1 CME credit: 12 hr. information: Jerry 
Dowty, Department of Radiology, Catherine McAuley Health Center, 
P.O. Box 995, Ann Arbor, MI 48106; (313) 572-5251. 


News 


Doppler Echocardiography Seminar 


The Advanced Echocardiography Seminar, sponsored by the Cen- 
ter for Medical Ultrasound, Bcwman Gray Schoo! of Medicine, will be 
Sept. 11-13, 1986, at Innisbrook Resort Conference Center, Tarpon 
Springs, FL. This course focuses on Doppler Echocardiography with 
emphasis on recent developments and applications. Correlations with 
conventional echocardiography Imaging and hemodynamic measure- 
ments will be presented. Two afternoon sessions using patients with 
cardiac pathology offer the participant physician and sonographer a 
limited practical experience. Category | credit: 14 hr with 6 more 
hours optional. Fee: $375.00: Dr. Frederick W. Kremkau, Director, 
Center for Medical Ultrasound, Bowman Gray School of Medicine, 
300 S. Hawthome Rd., Winston-Salem, NC 27103; (919) 748-4505. 


Physics of Radiology, Nuclear Medicine, and 
Radiobiology 


The Radiological and Medical Physics Society of New York 
(RAMPS) Is sponsoring a ref-esher course In Physics of Radiology, 
Nuclear Medicine, and Radiobiology on Sept. 15-17, 1986, Loeb 
Auditorium, Hospital for Joint Diseases, Orthopaedic Institute, 301 
East 17th Street, New York, NY 10003. This wil be an intensive 
review and refresher course designed to assist radiology residents in 
preparing for their examinations. Students are expected to have 
previous training in radiologic physics. The program will consist of 
lectures on all relevant medical physics topics, radioblology, and 
review of physics questions. Faculty: physicists from the major teach- 
ing hospitals in New York. P-ogram chairmen: Arthur Olson, Gerald 
Shapiro. Fee: $200. Information: Esther Schneider, Box 1209, Radia- 
tion Physics Lab. (RAMPS), Downstate Medical Center, 450 Clarkson 
Ave., Brooklyn, NY 11203; (718) 270-1424. 


imaging and Intervention in Gastrointestinal 
Diseases 


The Department of Radiology and The Gastrointestinal Section of 
the Department of Medicine (Hospital of the University of Pennsyi- 
vania) will hold a conference on imaging and intervention In gastroin- 
testinal diseases: an update for gastroenterologists and radiologists 
on Sept. 18-20, 1986, at the Four Seasons Hotel, Philadelphia, PA. 
This course will provide an update on the current role of the various 
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imaging procedures for the evaluation and treatment of a variety of 
gastrointestinal disorders. The faculty will include experienced gas- 
trointestinal radiologists, gastroenterologists, and surgeons. Fee: 
$325: $185 residents. Category 1 credit: 17 hr. Information: Ms 
Janice Ford, Department of Radiology, Hospital of the University of 
Pennsylvania, 3400 Spruce St., Philadelphia, PA 19104; (215) 662- 
6904. 


Courses in Diagnostic Ultrasound 


Weekly courses in physics, neurosonology, arterial and venous 
Doppler of the extremities, echocardiography, obstetrics and general 
(includes abdomen, small parts, gynecology and urology) will be held 
from Oct. 6-Nov. 7, 1986. Participants can come for all 6 weeks or 
the week of their specialty. Category | credit: 7 hr per day. Informa- 
tion: Dr. Frederick W. Kremkau, Director, Center for Medical Ultra- 
sound, Bowman Gray School of Medicine, 300 S. Hawthorne Rd., 
Winston-Salem, NC 27103; (901) 748-4505. 


Advanced Neuroradiology 


The Fourth Annual Advanced Neuroradiology Seminar sponsored 
by the Departments of Radiology at the University of South Florida 
College of Medicine and Tampa General Hospital will be held at the 
Marriott Odando World Center, Orland, FL, Oct. 9-11, 1986. Recent 
advances in MRI, CAT Scanning, and Interventional Neuroradiology 
will be covered. Faculty: W. G. Bradley, Jr., J. Cates, V. Haughton, 
A. Mancuso, F. Vinuela, and R. Zimmerman. Program Directors: C. 
R. Martinez, F. R. Murtagh, and M. L. Silbiger. Category 1 credit: 16 
hr, Fee: $350; Residents and Fellows $250. Information: Charleen 
Krissman, 12901 N. 30th St., Tampa, FL 33612; (813) 974-2538. 


Sonography and OB/GYN 


The Sacramento Radiology Research and Education Foundation 
and the Northern California Radiology Society will sponsor a weekend 
course of selected topics related to OB/Gyn ultrasound and update 
of recent applications of sonography on Oct. 10-11, 1986, in Sacra- 
mento, CA. The course is designed for diagnostic radiologists, obste- 
tricians, technologists, and others. Guest faculty: Roy A. Filly, Timothy 
G. Lee, and Michael L. Manco-Johnson. Fee: $125 physicians; $75 
fellows, residents, and technologists. Category 1 credit: 10 hr. Infor- 
mation: John P. McGahan, M.D., Sacramento Radiology Research 
and Education Foundation, P.O. Box 19184, Sacramento, CA 95819. 


Diagnostic Radiology Seminar 


The 5th annual autumn postgraduate course in diagnostic radiol- 
ogy presented by the Department of Radiology, University of Califor- 
nia, San Francisco, will be held from Nov. 3-7, 1986, at the Maui 
Marriott Resort, Maui, Hawaii. It has been designed primarily for the 
radiologist in clinical practice and provides a survey of selected 
subdivisions for diagnostic radiology. In addition to basic clinical 
radiology, more advanced imaging modalities, such as MRI and CT 
will be addressed. Fee: $495; $395 for residents, fellows, technolo- 
gists, and nurses with letter of verification; $250 spouse financial 
program. Category 1 credit: 24 hr. Information: Radiology Postgrad- 
uate Education, Room C324, University of California Medical Center, 
San Francisco, CA 94143. 
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Radiation Research Society 


The Radiation Research Society will have its 35th annual meeting 
at The Westin Peachtree Plaza, Atlanta, GA, Feb. 22-26, 1987. 
Information: Radiation Research Society, 925 Chestnut St., Philadel- 
phia, PA 19107; (215) 574-3153. 


Fleischner Society Annual Symposium 


The Fleischner Society will hold its 17th Annual Symposium on 
Chest Disease May 21-23, 1987, at the St Francis Hotel in San 
Francisco, CA. Lectures, refresher courses, and panel discussions 
will be used to discuss imaging anatomy, physiology, pathology, and 
clinical aspects of chest disease. Emphasis will be placed on the use 
of imaging modalities and correlative studies. Fee $425. Information: 
Nomi Feldman, Conference Coordinator, Fleischner Society, 3770 
Tansy, San Diego, CA 92121; (619) 453-6222. 


The American Board of Radiology Examinations 


Written examinations of the American Board of Radiology will be 
held: 

Thursday P.M., Oct. 2 and Friday A.M., Oct. 3, 1986 

Thursday P.M., Oct. 8 and Friday A.M., Oct. 9, 1987 

Thursday P.M., Oct. 6 and Friday A.M., Oct. 7, 1988 
Oral examinations of the American Board of Radiology will be held: 

June 2-6, 1986 at the Executive West Hotel in Louisville, KT 

June 8-12, 1987 same location 

May 23-27, 1988 same location 

The American Board of Radiology will accept applications for 
admission to the examinations after April 1, but no later than Septem- 
ber 30 of the preceding year in which the examination is to be taken. 
Application forms and other information can be obtained from the 
Office of the Secretary, American Board of Radiology, 300 Park, 
Suite 440, Birmingham, MI 48009. 


Meeting and Course Review 


For reader convenience, a summary of upcoming meetings and 
courses is provided. Detailed listings appear in the AJR issues noted 
in parentheses. 


International Education Series. 

Update of Laser Therapy, July 2-10, Heidelberg. Controversies in 
Medicine. Aug. 14-21, Aug. 21-29, London (Jan) 

Sonography Course, July 5-12, Alaska (March) 

Leeds Gastroenterology Course for Radiologists, July 7-10, 
Leeds, England (April) 

Diagnostic Imaging Seminar, July 7-11, Martha's Vineyard (May) 
Weekend Courses. Abnormal Lung Function, July 7-11, Venice; 
Frontiers in Chest Diagnosis, Sept. 22-26, Edinburgh; Bone and 
Genitourinary Imaging, Nov. 3-7, Marbella, Spain (Feb) 

Radiology Update in Scotland, course, July 10-21, Edinburgh and 
Turnberry (Jan) 

Roentgen Revisited Course, July 12-18, Garmisch-Partenkirchen, 
West Germany (March) 

Greenbrier Radiology Conference, July 13-17, White Sulphur 
Springs, WV (May) 

Image Perception Conference, July 17-18, Albuquerque (April) 
Radiology Section, National Medical Association, meeting, July 
20-24, New York (June) 
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Vanderbilt Courses. Breast Imaging Symposium, Juty 25-26, 
Nashville (Dec) 

Hyperthermia Institute, July 26—Aug. 9, Urbino, italy (March) 
Computers for Physicians, course, July 27-30, Cape Cod, MA 
(March) 

Radiation Oncology Physics, course, July 27~Aug. 1, Oxford, OH 
(Feb.) 

Sonography Seminars. Advanced Neusonology, July 28-30; Ad- 
vanced Applied Ultrasound in Obstetrics, July 31-Aug. 2, both 
Snowmass CO (March) 

Diagnostic Imaging, course, July 28—-Aug. 1, Atlantic Beach, NC 
(June) 

Pediatric imaging Course, Aug. 3-6, Colorado Springs (Nov) 
Cerebrovascular Imaging, Breast Diagnosis, and Other Imaging 
Topics, Aug. 3-6, Cape Cod, MA (May) 

Congress of Asean Association of Radiology, Aug. 7-9, Singapore 
(Dec) 

Top of the World Radiology, course, Aug. 9-16, Great Bear Lake, 
Canada (Dec) 

Diagnostic Imaging Symposium, Aug. 11-14, Newport RI (March) 
Orthopedic and Musculoskeletal Radiology, course, Aug. 11-15, 
Snowmass, CO (May) 

Sonomammography, courses, Aug. 18-22, Dec. 8-12, Philadeiphia 
(May) 

Ultrasound Congress in Denmark, Aug. 19-22, Copenhagen (Oct) 
Neuroradiologic, Thoracic, and Abdominal Imaging, conference, 
Aug. 25-28, Napa, CA (May) 

San Diego Courses: Biology and Physics of Radiology, Sept. 1-5; 
Postgraduate Course, Oct. 13-17, both San Diego (Oct) 
Radiotherapy in Developing Countries, symposium, Sept. 1-5, 
Vienna (June) 

Blood Vessel Imaging, conference, Sept. 4—5, Southhampton, U.K. 
(June) 

Radiology Congress In Salzburg, Sept. 7-13 (Feb) 
Mammography Course, Sept. 8-11, Oct. 20-23, both Boston (Feb) 
Organ Imaging Review, Sept. 8-12, Toronto (Feb) 

Intemational Conference on MRI and CT of Head and Spine, Sept. 
8-12, La Napoule, France (May) 

Musculoskeletal Disorders, course, Sept. 10-13, Vancouver, BC 
(June) 

Masters International Diagnostic Radiology Conference, Sept. 21- 
26, Vienna (April) 
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Australasian Meeting, Sept. 13-19, Singapore (March) 
American institute of Ultrasound in Medicine, meeting, Sept. 16- 


19, Las Vegas (June) . 

Gastrointestinal imaging, symposium, Sept. 18-20, Boston (June) 
Progress in Impotence, symposium, Sept. 19-20, San Diego (May) 
Practical Aspects of Mammography, Sept. 20-21, New York (June) 
MRI for Technologists, Sept. 19-20, Dec. 5-6, Houston (June) 
Paris Fall Ultrasound Symposium, Sept. 20-28 (May) 

Blood Flow in the Brain, meeting, Sept. 23-25, Glasgow, Scotland 
(Dec) 

Brain Anatomy and MRI, meeting, Sept. 26-27, Marseilles (Apri) 
Neuroradiology and Head and Neck Radiology, course, Sept. 29- 
Oct. 3, Boston (May) 

Functional imaging in Neurology and Psychlatry, Sept. 29—Oct. 4, 
Supetar (Brac, Yugoslavia) (May) 

European Symposium, Oct. 1-4, Vienna (March) 

Gastrointestinal Cancers, conference, Nov. 12-14, Houston (May) 
Indiana Radiation Oncology Congress, Dec. 5-7, Bombay (April) 
Thoracic Imaging 1887, Feb. 16-19, Orlando, FL (May) 

1987 Radiology Congress, Lisbon, May 31—June 6, 1987 (Oct) 
international Conference on Computer Assisted Radiology. July 
1-4, 1987, West Bertin (Feb) 

Sarcoidosis and Granulomatous Disorders, congress, Sept. 6-11, 
1987, Milan (June) 


AJR carries announcements of courses, symposia, and 
meetings of interest to Its readers If received a minimum of 4 
months before the event. There is no charge; receipt of Items 
by the AJR Editorial Office is.not acknowledged. Submit items 
for publication typed douze spaced. Provide title, date, loca- 
tion, brief description, sponsor, course directors, fees, cate- 


gory | credit, and address and telephone number for additional 
Information. Faculty from the host institution will not be listed. 
Guest faculty names will appear only if initials are provided. 
Mail news Items to AJA Editorial Office, 2223 Avenida de la 
Playa, Suite 306, La Jolla, CA 92037. 





Classified Advertising 


Positions Available 


DIAGNOSTIC RADIOLOGIST. Seeking board cer- 
tified radiologist to joina group of 7 radiologists 
in Portland. Large hospital and 2 offices. We of- 
fer all radiographic services including MRI. Re- 
quire a background in body imaging, mammog- 
raphy, and interventional radiology. Position 
leads to equal partnership. Send CV to James 
Waskey, M.D., 507 NIE. 47th Ave., Ste. 101, 
Portland, OR 97213. 7-9ap 


FREE-STANDING IMAGING FACILITY. Employ- 
ment is available beginning August 1, 1986, ina 
free-standing imaging facility adjacent to an MRI 
unit in San Jose, CA (1-hr south of San Fran- 
cisco). The facility will initially contain a CT scan- 
ner, ultrasound unit, mammography unit, and RF 
room. Nuclear medicine-imaging capabilities 
may be added at a later date. Position is salaried. 
One-year fellowship ineCT/ultrasound or equiva- 
lent clinical experiencesrequired. Send CV to Ms. 
Diane Chimicz, Pacific images Services, 361 So. 
Monroe, San Jose, CA 95128. 7a 


FOUR POSITIONS available with a major af- 
filiated hospital at the University of Minnesota. 
Nontenure track at rank of assistant professor of 
radiology beginning June 1, 1986. Each is sala- 
ried at Hennepin County Medical Center and will 
hold a without-salary faculty appointment at the 
University of Minnesota Medical School. Mini- 
mum requirements inciude board certification in 
radiology, a 3-yr accredited radiology residency, 
and a 1-yr post-residency fellowship or ex- 
perience. Responsibilities are primarily informal, 
with a few hours weekly of formal teaching of 
residents and medical student in radiology. 
Clinical research opportunities are available and 
encouraged. Salary is negotiable and com- 
petitive and is dependent upon past scholarly 
productivity and post-M.D. experience. Send let- 
ters to: Dr. Quentin N. Anderson, Chief of 
Radiology, Hennepin County Medical Center, 701 
Park Avenue South, Minneapolis, MN 55415. The 
University of Minnesota is an equal opportunity/ 
affirmative action educator and employer and 
specifically encourages applications from women 
and minorities. 7a 


GENERAL RADIOLOGIST. Applications are be- 
ing solicited for an academically oriented general 
radiologist, with interest in bone preferred, at the 
assistant or associate professor level at the Vet- 
erans Administration Medical Center, Martinez, 
CA, an affiliate of the University of California, 
Davis. The VA Medica! Center is located in the 
San Francisco Bay area, approximately 30 miles 
from San Francisco. Address inquiries and CV 
to Stanley B. Reich, M.D., Chief, Diagnostic 
Radiology (114A), VA Medical Center, 150 Muir 
Road, Martinez, CA 94553 by September 1, 1986. 
The VA is an affirmative action/equal opportuni- 
ty employer. 7-8a 


CT/ULTRASOUND. Board certified radiologist to 
join faculty of the University of Texas at San An- 
tonio. MR experience useful but not necessary. 
Contact Robert L. Siegie, M.D., Chief, Diagnostic 
Radiology, Dept. of Radiology, University of Texas 
Health Science Center at San Antonio, 7703 
Floyd Curl Dr., San Antonio, TX 78284. Equal op- 
portunity/affirmative action employer. 7-9a 


NEURORADIOLOGY. Faculty appointment for a 
trained neuroradiologist with interest in teaching 
and research at the Medical School of the Univer- 
sity of Texas Health Science Center at San An- 
tonio. Send CV to Robert L. Siegle, M.D., Chief, 
Diagnostic Radiology, Dept. of Radiology, The 
University of Texas Health Science Center at San 
Antonio, 7703 Floyd Curl Dr., San Antonio, TX 
78284. Equal opportunity/affirmative action 
employer. 7-9a 
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DIAGNOSTIC RADIOLOGY. Board certified with 
angio competency, fellowship or 2-year post- 
residency experience preferred. Progressive 
radiology group in suburban Detroit seeks hard 
working individual for general diagnostic posi- 
tion, including specials, CT, ultrasound. Excellent 
fringes, salary leading to partnership. Send CV 
and reply to James |. Breckenfeld, M.D., Oak- 
wood Hospital, 18101 Oakwood Blvd., P.O. Box 
2500, Dearborn, MI 48123-2500. 7ap 


ACADEMIC NEURORADIOLOGIST. The Univer- 
sity of Connecticut Health Center is searching for 
a staff radiologist to take part in the special pro- 
cedures action, which includes neuroradiology, 
angiography, interventional radiology, neuro CT 
and MRI. Salary dependent upon experience and 
academic rank. Send CV to Thomas J. Spack- 
man, M.D., Dept. of Radiology, University of Con- 
necticut Health Center, Farmington, CT 06032. 
An affirmative action/equal opportunity employer 
M/W/H. 7a 


INTERVENTIONAL RADIOLOGY. 412 bed hospi- 
tal and Outpatient Radiology Group in Miami 
seeks a board-certified interventional radiologist 
with visceral angiography experience. Fellowship 
training preferred. Send resume to Albert J. 
Gilson, M.D., Ste. 319, 11880 Bird Road, Miami, 
FL 33175. 7-8a 


AGGRESSIVE DIAGNOSTIC RADIOLOGY 
GROUP in need of new associate. Must be board 
certified and would prefer multi-talented back- 
ground including interventional radiology, 
nuclear medicine, ultrasound, CT, and MRI ex- 
perience. Our group covers 4 hospitals including 
regional trauma center and 2 offices. Located in 
The Sparkling City by the Sea. Kindly send CV 
to Richard P. Chepey, M.D., 2481 Morgan Ave., 
PO. Box 5608, Corpus Christi, TX 78405. 7-10ap 


BOARD CERTIFIED diagnostic radiologist. All 
diagnostic modalities except MR. MR installation 
planned in 11⁄2 years. Busy in-patient and out- 
patient practice. Salary negotiable and early part- 
nership available. Send CV to Box C23, AJR (see 
address this section). 6xa 


RADIOLOGIST with interest in nuclear medicine. 
Assistant professor level. Requirements are ABR 
certification with either special competence in 
nuclear medicine or ABNM certified. Position is 
in large Midwestern university, which needs to ex- 
pand its Nuclear Medicine Division of radiology. 
Reply Box C26, AJR (see address this section). 
6-7ap 


CHAIRMAN, DEPT. OF RADIOLOGY, San Jose 
Medical Group. Immediate availability. Qualified 
individuals will have graduated from a major U.S. 
medical school, and will have completed an ap- 
proved residency in radiology in a major aca- 
demic center. Further qualifications will include 
expertise in conventional diagnostic radiology, ul- 
trasonography, mammography, nuclear medi- 
cine, computerized axial tomography, and uro- 
radiology. In addition to having expertise in these 
areas, qualified individuals will have sufficient 
managerial and executive capability to accom- 
plish the establishment of many of these new ser- 
vices. Qualified applicants will also have the ability 
to direct the establishment of basic radiologic 
facilities in a network of family practice sites in 
the community. Compensation will be a salary 
based on qualification and experience, until the 
first Jan. 1 after the least 12 months of employ- 
ment. Then the chairman will be eligible for con- 
sideration for membership in the corporation and 
senior physician status following approval by the 
board of directors. Accompanying the salary will 
be a liberal fringe benefit package. Send applica- 
tions to Recruitment Director, San Jose Medical 
Group, 45 S. 17th St., San Jose, CA 95112. The 
application should include an updated curricu- 
lum vitae, and an accompanying letter describ- 


ing the applicants interest in and experience for 
a substantial leadership opportunity. Applicants 
who meet these requirements wall be further con- 
tacted and invited for interviews. 6-8a 


NEURORADIOLOGY/MRI Private clinic seeks 
board certified radiologist with MRI experience 
to oversee and direct diagr ostic center. Excellent 
salary and recreational act vities. Reply: PO. Box 
292527, Davie, FL 33324. 6-1@ap 


DIRECTOR, PEDIATRIC RADIOLOGY. Can- 
didates sought by Dept. of Raciology, St. Louis 
University School of Medicine and the Cardinal 
Glennon Children’s Hospi‘al. Successful candi- 
date must be board certi ied n radiology with 
subspecialization in pediatric radiology. A record 
of academic achievement end administative abili- 
ty must be present. Salary will be competitive and 
dependent upon academic ranx which will be at 
the level of associate or fu | prořessor. Send cur- 
riculum vitae to: John B. Shieds, M.D., Chair- 
man, Dept. of Radiology. St. Louis University 
Medical Ctr., 1325 S. Grand ©., St. Louis, MO 
63104. St. Louis University is an Equal Oppor- 
tunity Employer. 5-8a 


RADIOLOGIST—For a pactice in the sunny 
Shuswap at Salmon Arm, B.C., northern gateway 
to the Okanagan Valley. This practice includes 
general radiology and tltrasounc. Based in 
Salmon Arm, the practice includes two other 
small hospitals, with a totai service population of 
40,000. Part-time relief service 's available in the 
community and through otner groups in the area. 
Direct applications or inquires to: The Ad- 
ministrator, Shuswap Lake General Hospital, Box 
520, Salmon Arm, B.C., Canaca VOE 2T0. 6-8a 


ANGIOGRAPHY/INTERVENTIONAL radiology 
faculty position, Dept. of Radiology, Case 
Western Reserve Universi y. Applications invited 
from qualified radiologists. Candidates should be 
board certified or eligible, preferably with 
fellowship experience. Apooinment will be to a 
tenture track position at assistant or associate 
professor level, depending on qualifications. The 
successful candidate will participate in an active 
clinical service and have responsibility for 
developing and introducing new techniques. Ful- 
ly equipped, modern department with a new 
2-room angiography suite. Excelent opportunties 
for collaborative and individual esearch, medical 
student and resident teacning and professional 
development. Inquiries te: E.M. Bellon, M.D., 
Director, Dept. of Radiology, Cleveland Metropol- 
itan General/Highland Yiew Hospital, 3395 
Scranton Road, Cleveland, OH 44109. (216) 
459-4020. Case Western Reserve University is 
an Equal Opportunity Employer. 6-8a 


CHIEF, RADIOLOGY SERVICE. Full-time posi- 
tion immediately availabe for board certified 
radiologist in university affiliated VA Medical 
Center. Faculty appointment assured. Excellent 
salary and fringe benefits. Senc CV to Chief, Per- 
sonnel Service (05), VA Medical Center, 4100 W. 
Third St., Dayton, OH 45428, or call (513) 
268-6511, ext. 2506. Am Equal Opportunity 
Employer. 6-8a 


RADIOLOGIST—A rapidly expanding pre-paid 
health plan is seeking a boarc eligible/certified 
radiologist to join current radioogist in providing 
services within our multi-specia'ty group. Modern 
intensively-equipped facili ies, growing radiology 
demands. We will provide quæity support staff, 
benefits, and incentive programs. Please send 
CV to: HealthAmerica, 5701 W. Sunrise Blvd., 
Plantation, FL 33313 or call Frances Grant, 
Medical Staff Coordinator (305) 581-5008, ext. 
323. Equal Opportunity Employer. 5—ap 
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BOARD CERTIFIED RADIOLOGIST(S) needed 
for rapidly growing comprehensive outpatient 
diagnostic Imaging center located In a malor 
Southeastern metropolitan city. All imaging 
modalities, Including outpatient angiography and 
fine need!e aspiration biopsies are performed, 
with the exception of MRI {which is anticipated 
within 12-18 months.) Fellowship training In MRI 
would be helpful. Physician couples are en- 
couraged. Please enclose CV with intial inqulry. 
Respond Box A5 AJR (see address thls section). 
4—7a 


ACADEMIC INTERVENTIONAL radlologist for 
rank of instructor or assistant professor commen- 
surate with qualifications. Responsibilitles in- 
clude all aspects of anglography, venography, 
iymphography, interventional, therapeutic pro- 
cedures, teaching, and some administrative 
duties. Requirements include fellowship training 
In an acceptable program, board certification In 
diagnostic radlology, and full medical license in 
Massachusetts. Contact Victor G. Millan, M.D., 
Tufts New England Medical Center Hospitals, 171 
Harrison Ave., Box 253, Boston, MA 02111; phone 
(817) 956-5963. 5-7a 


RADIOLOGIST—VA Medical Center, Tuskegee, 
Alabama, an 831-bed general medical faciitty, af- 
fillated with Morehouse School of Medicine in 
Atlanta, Georgia, has immediate need for a rad} 
ologist. Experience in nuclear medicine, arteri- 
ography, ultrasound and CT desirable. Board cer- 
tification is mandatory. Located in East Central 
Alabama, good climate, mild winters with abun- 
dance of recreatlonal and educatlonal oppor- 
tunities. Salary including special physician's pay, 
$70,000-$87,000/year, with liberal fringe benefits 
package. Equal opportunity employer. Call 
206-727-0550, extension 3645, or write: Chief of 
Staff, VA Medical Center, Tuskegee, AL 36083. 
5-8a 


ISRAEL, DIAGNOSTIC RADIOLOGY. Opportun- 
ities for 3-4 week or longer working vacations in 
a number of israeli medical centers, on a volun- 
teer basis. Positions varied, arrangements flexl- 
bie. For information contact: Jonathan H. Fish, 
M.D., 1844 San Miguel Dr., #302, Walnut Creek, 
CA 94596; (415) 947-0560. 2~7a 


Positions Desired 


RADIOLOGIST wants to purchase multmodallty 
private office practice, preferably with availability 
of CT. All locations considered. Reply Bax D25. 
AJR (see address this section). 7-9b 


RADIOLOGIST wants to purchase contract with 
100-200 bed hospital or outpatient clinic. Prefer 
East Coast, but other locations considered. Reply 
Box D27. AJR (see address this section). 7-9b 


Fellowship and Residencies 


PEDIATRIC RADIOLOGY FELLOWSHIP. Chil- 
drens Hospital of Los Angeles has an opening 
for a Fellow In Radiology Department starting 
July 1, 1987. Childrens Hospital of Los Angeles 
is the largest childrens hospital on the West 
Coast. All aspects of pediatric radlologic imag- 
ing are represented at the hospital. The position 
is for 1-yr with an opportunity for a second year. 
Send CV to John L. Gwinn, M.D., Radiology 
Dept., Childrens Hospital of Los Angeles, 4650 
Sunset Bivd., Los Angeles, CA 90027. Childrens 
Hospital is an equal opportunity employer. 7xc 


CLASSIFIED ADVERTISING 


FELLOWSHIP PROGRAM. Fellowships pro- 
viding instruction In various areas of dlagnostic 
ultrasound are being offered on a continuous 
basis at the Health Sciences Centre in Winnipeg, 
Manitoba under Dr. E.A. Lyons. Instruction In ab- 
dominal, OB/GYN, and adult echocardiography 
is provided for periods of 6 to 12 months for fel- 
lowships. Equipment used Includes statlc and 
real-time scanners. Monthly case load is approx- 
imately 1000 patients. Our on-site experienced 
service engineer has added a new dimension to 
the scope of information available to the student. 
An extensive videotape library of over 150 hours 
by distinguished lecturers is available for review. 
in addition, there ts a large teaching file, text and 
reference library. Formal reading sessions plus 
wide clinical exposure provides an extensive 
learning opportunity. For information concerning 
availablity and cost, contact Dr E.A. Lyons, Sec- 
tion of Diagnostic Uitrasound, Health Sciences 
Centre, 700 Willlam Ave., Winnipeg, Manitoba, 
Canada, R3E 03Z or phone (204) 787-3724. 7c 


VISCERAL IMAGING and interventional 
Radiology fellowship. 3 positions available to 
begin July 1987. 612-bed teaching hospital. Fel- 
iows will be actively involved in diagnostic CT and 
ultrasound. Fellows will also participate in all 
vascular and nonvascular procedures including 
angioplastles, billary, GU, biopsies, abscess 
drainages, and angiography. Send Inquirles to 
Harvey L. Neiman, M.D., Chairman, Dept. of 
Radiology, The Western Pennsylvania Hospital, 
4800 Friendship Ave., Pittsburgh, PA 15224. 6-8a 


FELLOWSHIP In Diagnostic Imaging at Rhode 
island Hospital to begin July 1987. Rhode Island 
Hospital is the major affillate of Brown Universi- 
ty Medical School. The radiology staff serves this 
715-bed general hospital and a 200-bed lying-In 
hospital. Over 148,000 examinations are per- 
formed yearly in the Radiographic Department. 
All imaging modalities are integrated into this 
busy and diverse service. The fellowship will em- 
phasize ultrasonography and computed tomog- 
raphy. Requirements include completion of an 
accredited radiology training program. Send in- 
quires to Daniel J. Hanson, M.D., Radiologist- 
In-Chief, Dept. of Diagnostic Radiology, Rhode 
isiand Hospital, 593 Eddy St., Providence, Al 
02902. 6-7cp 


CARDIOVASCULAR/INTERVENTIONAL Radiol- 
ogy Fellowship. Thomas Jefferson University 
Hospital announces a new fellowship program 
combining training !n cardlac, vascular, and = 
terventional radiology. 1- and 2-year 

avallable beginning July 1, 1987. The 1-year Ate 
gram offers Intensive clinical experience In 
general angiography, coronary angiography, and 
interventional procedures. The 2-year program 
emphasizes additional experience in Interven- 
tional techniques and cardiac imaging, and pro- 
vides time for research. Applicants should be 
board certified or eligible. Contact David C. Levin, 
M.D., or Geoffrey A. Gardiner, Jr, M.D. at: Dept. 
of Radiology, Thomas Jefferson University 
Hospital, Philadeiphia, PA 19107. 6-8c 


NMR VISITING FELLOWSHIPS in Northern 
Callfornla. Intensive structured 1-6 week courses 
in clinical magnetic resonance with emphasis on 
CNS imaging. Integrated live instruction with 20 
hr of dual projection silde presentations In week 
1, extensive teaching file (G00 cases), and up- 
dated videotape library. Certificate awarded on 
completion. References from prior fellows avail- 
able. For further information contact: Murray A. 
Solomon, M.D., San Jose MRI Center, 361 S. 
Monroe St, San Jose, CA 95128. 6—T1cp 
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Tutcriais/Courses 


ULTRASOUND AT SEA-—Caribbean Cruise. Post 
RSNA CME 1 presented by Dr. Peter 
Cooperberg. Registration: $385 before Oct. 1; 
$425 thereafter. info: Medical Seminars interna- 
tional, 21915 Roscoe Bivd., Ste. #222, Canoga 
Park, CA 91304, (818) 701-5143. 7—11d 


PRECEPTORIAL PROGRAMS for Physicians 
and Tachnologists are offered by the Health 
Sciences Centre, Winnipeg, Canada. Courses 
are arranged on an individual basis, dependent 
upon the students’ requirements. The program 
provides a combination of clinical experience, 
reading session, video tapes and lectures. For 
more complete information contact Dr. E.A. 
Lyons, Section of Diagnostic Ultrasound, Health 
Sciences Centre, Winnipeg, Manitoba, Canada, 
RSE OZ3, or phone (204) 787-3724. 7d 


INTRODUCTORY DIAGNOSTIC ULTRASOUND 
COURSE for Sonologists and Sonographers. An 
intens ve 2-wk program to emphasize the basic 
fundamentals of dlagnostic ultrasound will be of- 
fered at the Health Science Centre, 700 William 
Ave., Winnipeg, Manitoba, R3E 023, by Dr. E.A. 
Lyons, Associate Professor of Radiology. The 
progrem provides lectures, evening scan ses- 
sions, dally scan sessions with patients, and dally 
reading sessions of routine cilnicai material. The 
program also offers access to a large teaching 
file and video-tape library. The lecturers are in- 
vited speakers and members of the permanent 
staff. Dates: Sept. 2-12, 1986, Nov. 17-28, 1986, 
Mar. 33-Apr. 10, 1987, and June 1-12, 1987. For 
further information please contact Introductory 
Diagnostic Ultrasound Program Coordinator, 
Section of Diagnostic Ultrasound, 700 William 
Ave., Winnipeg, Manitoba, R3E OZ3, Canada. 
(204) 787-3724. 7d 


11th ANNUAL INTERNATIONAL BODY Imaging 
Conference, Kauai, Hawaii, Oct. 19-23, 1988. 
Diagnostic medical imaging, CME Category | ac- 
creditetion. Information: Body Imaging Con- 
ference, 21915 Roscoe Bivd., Sulte #222, Canoga 
Park, CA 91304; telephone (818) 701-5143. 5~10d 


LONDON, ENGLAND—PARIS, FRANCE. Sec- 
ond Annual Fall Ultrasound Symposia. Sept. 
20-28 1986. Attend 1 or both symposia. 
Category | credit. Renowned faculty. Fee: U.S. 
$395 before July 18; U.S. $450 thereafter. Com- 
bined fee: U.S. $450 before July 18; U.S. $495 
therealter. Reduced fees for interns, residents, 
and technicians. Information: Medica! Seminars 
International, 21915 Roscoe Bivd., Suite #222, 
Canoga Park, CA 91304; (800) MED-TOUR (out- 
side Califomia) or (818) 701-5143. 49d 


THE UNIVERSITY OF MINNESOTA, Dept. of 
Radlolagy will present its 49th Annual Continue- 
tlon Course, Sept. 8-12, 1986 in Minneapolis. 23 
guest faculty will participate In thls 5~day, com- 
prehensive review. This year’s subject: Gastro- 
intestinal and Abdominal Imaging and Interven- 
tion, will include topics devoted to stressing both 
conventional diagnostic techniques and ad- 
vancec imaging modalities Including nuclear, com- 
puted tomography, and magnetic resonance 
scanning. There will be strong emphasis on inm- 
terventlonal techniques In the abdomen including 
biopsy and drainage and biliary, anglographic 
and erteric procedures. In addition, 1 day will be 
set aside for prospective presentations In all sub- 
speciality areas of radiology by the leaders in the 
fiekd. Registration fee: $450 (inquire about reduced 
fee for medical fellows, military personnel, and 
VA physicians). 28 hr Category 1 credit. For in- 
formaton contact: Audrey Chan, Registrar, Con- 
tinuing Medical Education, University of Min- 
nesote, Box 202, 420 Delaware St., S.E., Min- 
neapo Is, MN 55455; (612) 626-5525. 5-7d 
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REALIZE THE VALUE of your practice. A group 
of successful and well-qualified radiologists is in- 
terested in acquiring established radiology prac- 
tices. Hospital contacts, clinicians, and private of- 
fice settings are desired. Opportunity for radiol- 
ogists considering retirement or reduction in 
practice activities to capitalize on the value of the 
practice they have built up during their careers. 
Alleviate the problems of professional recruit- 
ment or administrative pressures. Practices con- 
sidered throughout the country. Flexible pur- 
chase options with opportunity for continuing 
relationship arrangements. Write Box C49, AJR, 
Suite 306, 2223 Avenida de la Playa, La Jolla, CA 
92037. 6-5e 


AJR Indexes 
AJR CONSOLIDATED INDICES available in 


limited quantities. Complete your journal collec- 


tion. Order by index number. Indices available, 
years covered and prices: 2, 1938-1942, $10; 3, 
1943-1947, $22.50; 4, 1948-1952, $23.50; 5, 
1953-1957, $25; 6, 1958-1962, $23.50; 7, 
1963-1967, $30: 8, 1968-1972, $40; 9, 
1973-1977, $34. Order from: Subscription Dept. 
Williams & Wilkins, 428 E. Preston, St. Baltimore, 
MD 21202; (301) 528-4000. 
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AJR Classified Advertising Information 






Box Responses and Address for Ad Placement 


Write Box. AJR, Suite 306, 2223 Avenida de la Playa, La Jolla, CA 92037; 
(619) 459-2229. 




















How to Place an Ad 





AJR accepts classified advertising for Positions Available, Positions Desired, Fel- 
lowships and Residencies, and Tutorials/Courses. Ads are accepted by mail or 
telephone. Institutions should supply purchase orders. 

Rates: $6.00/line with a $30 minimum charge. Box service is $10 additional for 
each month the ad appears. There are discounts for multiple insertions: 10% for 2-3 
insertions: 20% for 4 or more. To estimate lines, count all words and divide by 5.5. 

Billing: Ads may be prepaid or invoices will be sent after the ad appears. 

Deadlines. About 3 weeks before the issue mails. AJR issues mail im the middle 
of the month preceding the cover date (e.g., July mails June 17). For specific deadlines, 
write or telephone the AJR editorial office. 





Estimating Ad Charges 
Line charge: divide total words by 5.5 and multiply by $6.00 ... $ 
Multiple insertions? If so, multiply by number................ y 

a a PEE EEE EEEE TEE E ET E $ 
Box response requested? If so, multiply number of months by 
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Discount applies to two or more insertions. Subtract 10% if ad 
appears 2-3 months, 20% if 4 months or more........... =- 
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CONTEMPORARY DIAGNOSTIC RADIOLOGY 














Editor: Robert E. Campbell, M.D. 

















A Biweekly Review of Clinical Radiologic Practice—26 issues a year! E 











One of your toughest jobs is keeping up with the 
many new developments that affect radiology. 
That's why you want Contemporary Diagnostic 
Radiology. ..an effective and 
convenient way to perfect your 
skills and maintain your profes- 
sional status. 


Contemporary Diagnostic Radi- 
ology is designed as a continuing 
education program that lets you 
work at your own pace. Every two 
weeks you'll receive an issue that 
covers a single topic or procedure 
in detail. Read the information and 
study the clearly reproduced radi- 
ographs—and then, if you choose, 
respond to a comprehensive 
examination in the strictest confi- 
dence. You set the pace. 

Each biweekly lesson brings you 
pertinent review of the basics in 
bone radiology... gastrointestinal 
radiology ... pediatric radiology... 
genitourinary radiology... MR 
imaging...and all of the topics 
you want to know more about. 

















Contemporary Diagnostic Radiology works two 
ways. You may choose to subscribe to the non- 
scoring version, receiving every issue as an impor- 
tant element of your professional 
reading. The scoring version, how- 
ever, supplements your reading 
and computer-coded examina- 
tions with confidential result 
responses, making you eligible for 
Continuing Medical Education 
credits Co-sponsored by the Uni- 
versity of Pennsylvania School 

of Medicine. 


“As an organization for continu- 
ing medical education, the Uni- 
versity of Pennsylvania School of 
Medicine designates this contin- 
uing medical education activity 
as meeting the criteria for 1 
credif hour per bi-weekly issue in 
Category I for Educational 
Materials for the Physician's 
Recognition Award of the Ameri- 
can Medical Association pro- 
vided it has been completed 
according to instructions.” 


You can begin this ongoing program today. Contemporary Diagnostic Radiology is a 
year-round program, so you can join at any time. To begin your lessons, just fill out the 

enclosed card and return it to us. Or call FREE 1-800-638-6423 (except from Alaska and 
Hawaii). In Maryland call COLLECT 528-4105. You'll find that Contemporary Diagnostic 
Radiology is the most efficient and inexpensive way to keep up with your dynamic field. 


Williams & Wilkins 


P.O. Box 23291 
Baltimore, Maryland 21203 


© 
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266 Fulham Road 
London SW10 9EL England 


CONTEMPORARY DIAGNOSTIC RADIOLOGY 


O Yes! | want to keep pace in my field! Begin my 
26-issue subscription: 

O Send me the scoring version ($220) 

O Send me the non-scoring version ($180) 

O Send me the resident non-scoring version ($160) 
(add $35 for optional air mail delivery outside the U.S.) 

O new subscription 

O renewal 





name 
address 
city/state/zip 


payment options 
O payment enclosed 
O American Express 


O billme 


O MasterCard O VISA 


printed in USA 


card # expiration date 


signature/P.O. # 


Maryland residents add 5% sales tax. Subscriptions outside the U.S. 
must be prepaid in U.S. dollars only. Rates subject to change with- 
out notice. Please allow 8 weeks for delivery of your first issue, up to 
16 weeks for surface delivery outside the U.S. Optional airmail rates: 
add $35 per subscription. 


Residents are eligible for the special in-training rate for up to three 
years. When requesting this rate, please include training status and 
institution. 


PEV Don't forget: you can order with a FREE phone call 
at 1-800-638-6423 (except from Alaska and Hawaii). 
In Maryland, call collect 528-4105. 


Williams & Wilkins 
P.O. Box 23291 
Baltimore, Maryland 21203 


266 Fulham Road 
London SW10 9EL England 
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All the benefits without all the 


bulk—Williams & Wilkins 
journals in MICROEDITIONS 





AAC: Augmentative and Alternative Communication 
(Vol. !-current) 

Advances in Orthopaedic Surgery (Vol. /-current) 

Alcoholism: Clinical and Experimental Research 
(Vol. 3-current) 

AJNR: American Journal of Neuroradiology 
(Vol. l-current) 

AJR: American Journal of Roentgenology (Vol. 132- 
current) 

The American Journal of Gastroenterology 
(Vol. 77-current) 

American Journal of Optometry and Physiological 
Optics (Vol. 53-current) 

American Journal of Physical Medicine (Vol. /-current) 

The American Journal of Sports Medicine 
(Vol. ]-current) 

Critical Care Medicine (Vol. 1-current) 

Drug Metabolism and Disposition (Vol. /-current) 

Ear and Hearing (Vol. /-current) 
as Journal of the American Auditory Society 
(Vol. 1-5) 

Endocrine Reviews (Vol. [-current) 

Endocrinology (Vol. 102-current) 

Foot & Ankle (Vol. /-current) 

Gastrointestinal Endoscopy (Vol. /-current) 

Hepatology (Vol. l-current) 

Journal of the American Academy of Child Psychiatry 
(Vol. 10-current) 

The Journal of Clinical Endocrinology & Metabolism 
(Vol. 46-curreni) 

Journal of Clinical Psychopharmacology ( Vol. 1-current) 

Journal of Developmental and Behavioral Pediatrics 
(Vol. [-current) 


Journal of Endodontics (Vol. 9-current) 
Journal of Foot Surgery (Vol. 7-current) 


The Journal of Investigative Dermatology (Vol. 1-current) 


Journal of Medical Practice Management ( vol. !-current) 


The Journal of Nervous and Mental Disease 
(Vol. l-current) 

The Journal of Neuroscience (Vol. [-current#) 

The Journal of Orthopaedic and Sports Physical 
Therapy (Vol. l-current) 

The Journal of Pharmacology and Experimental 
Therapeutics (Vol. /—current) 

The Journal of Trauma (Vol. /-current) 

The Journal of Urology (Vol. /-current) 


JPEN: Journal of Parenteral and Enteral Nutrition 


(Vol. l-current) 
Laboratory Investigation (Vol. l-current) 
Medicine (Vol. 1-current) 
Medicine and Science in Sports and Exercise 
(Vol. 17-current) 
Molecular Pharmacology (Vol. 19-current) 
Neurosurgery (Vol. /-current) 
Nutrition Today (Vol. 20-current) 
Obstetrical & Gynecological Survey (Vol. /-current) 
Pediatric Emergency Care (Vol. l-current) 
Pediatric Infectious Disease (Vol. /-current) 
Pediatric Research (Vol. /-current) 
Pharmacological Reviews (Vol. /-current) 
Plastic and Reconstructive Surgery (Vol. l-current) 
SGA Journal (Vol. 7, #3-current) 
Soil Science (Vol. 1-current) 
Stain Technology (Vol. 1-current) 
Survey of Anesthesiology (Vol. /-curreni) 
Transplantation (Vol. /-current) 


eS" 


These journals are available in microfilm only—no longer 
published by Williams & Wilkins (call for availability) 


Acta Cytologica ® Behavioral Medicine Abstracts @ 
Cytometry @ Gastroenterology @ Investigative Urology @ 
Journal of Criminal Law and Criminology ® Journal of 
Histochemistry and Cytochemistry ® The Journal of 
Immunology ® Urological Survey 


MICROFILM FORMATS: 
16 mm reel 


16 mm cartridges 
(3M or KODAK) 


$55/reel (price subject to change without notice) 


MICROFICHE: 
contact KRAUSE MICROFORM 


35mm reel 
positive or negative film 


ORDERING INFORMATION 


MICROFICHE 
KRAUSE MICROFORM 
Route 100, Millwood, NJ 10546 
MICROFILM 
WILLIAMS & WILKINS 
Microfilm Sales 
attn: Yvonne Hahn 
428 East Preston Street 
Baltimore, MD 21202 
(301) 528-4144 





Williams & Wilkins 
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American Journal of 
Neuroradiology 


Editor: Juan M. Taveras, MD, Harvard Medical 
School; MGH 


Outstanding clinical papers on every aspect of CNS 
imaging, including spinal diagnosis... informed coverage 
of head and neck radiology ...clear, readable CTs. angio- 
graphs, MR imaging and ultrasound studies. These are 
the features you demand of a quality professional journal. 
You'll find them in every issue of AJNR: American 
Journal of Neuroradiology. 

As you are called upon to perform and interpret more 
and more sophisticated diagnostic tests — from myelog- 
raphy to CT to newborn ultrasound studies — you need a 
comprehensive, reliable journal that can keep you abreast 
of all the latest developments. Each bimonthly issue of 
AJNR brings you timely, clinically pertinent informa- 
tion, as well as important clinical research presented 
with an eye toward immediate practical application. 


Here are just a few of the many excellent articles from 
the November/December 1985 issue: 

Contrast-Enhanced MR Imaging of Malignant Brain Tumors 

by Moshe Graif, et al. 

MR Imaging of Cerebral Vascular Malformations by 

Benjamin C. P. Lee, et al. 

Cranial Computed Tomography in the Abused Child with 

Head Injury by Ronald A. Cohen, et al. 


American Journal of Neuroradiology 





Cavernous Sinus Invasion by Pituitary Adenomas by 
Jamshid Ahmadi, et al. 
Sonography of the Internal Capsule and Basal Ganglia in 
Infants: 1. Coronal Sections by Thomas P Naidich, et al. 
Iohexol vs. Metrizamide: Study of Efficacy and Morbidity in 
Cervical Myelography by Richard E. Latchaw, et al. 
Superselective Injection of Polyvinyl Alcohol Microemboli for 
the Treatment of Cerebral Arteriovenous Malformations by 
Giuseppe Scialfa and Giuse ppe Scott. 
If you can benefit from articles like these, then you should 
be a regular reader of AJNR. Use the attached coupon to 
subscribe today. 


Bimonthly 
Personal $95/yr Institutions $115/yr In-training $65/yr 
(add $15.00 outside the US) 


ORDER FREE BY PHONE. Just call 
øe 1-800-638-6423 from anywhere in the US except 
æ& AK and HI. MD residents, call 528-4105 collect. 


Williams & Wilkins 


P.O. Box 1496 Baltimore, Maryland 21203 
266 Fulham Road London SW10 9EL England 


Subscribe to AJNR for 3 years and SAVE 


Avoid future rate increases and ensure uninterrupted 
service by placing a multi-year subscription at current 
rates. 

O New subscription O Renewal 

O38 yrs O2 yrs Olyr 

O Personal $95 O Institutions $115 O In-training $65 
(add $15.00 outside the US) 

O Also send me the 1986 Bound Volume at $45.00 ($50.00 outside the 
US). $2.00 discount for orders placed before October 1. 1985. and for pre- 
paid orders. I understand that the bound volume is in addition to my 
regular subscription and is available only to subscribers. (To be shipped 
in early 1987. Sorry, bound volumes for years prior to 1986 are not avail- 
able.) All bound volume orders must be received by December 31, 1986. 


O Check enclosed O Bill me 
O VISA O MasterCard O American Express 


E E ee 
card # exp. 


signature/P.O. # 


printed in USA 





Name 


nnn ig a E 
Address 





City/State/Zip 


MD residents, please add 5% sales tax. Subscription orders from outside the US must 
be prepaid in US dollars only. 


Residents, Fellows, Interns, and Students: when applying for the in-training rate, 
available for 3 years, please specify name of institution and training status. Rates 
valid through October 31, 1986. 


Please allow 8 weeks for order processing and delivery of your first issue. Surface 
mail delivery to countries outside the US may take up to 16 weeks. Airmail rates 
available upon request. 


Williams & Wilkins 


P.O. Box 1496 
Baltimore, Maryland 21203 


266 Fulham Road 
London SW10 9EL 


England AJNRAD 94625 86 





EMERGENCY RADIOLOGY OF THE 


ACUTELY ILL OR INJURED CHILD 
Second Edition 


By Leonard E. Swischuk, MD 

“Only Len Swischuk could produce a book quite like 
this.... The reproductions, particularly of soft tissues, 
are superb....A true teacher, [Swischuk] stresses the 
basic facts. the simple, the obvious, the variations, and 
the pitfalls.... This book should be in the library of even 
the smallest radiology department.’ — J Can Assoc 
Radiol (of the First Edition) 
1986/622 pages /685 illustrations /*8049-0/S75.00 


COMPUTED TOMOGRAPHY AND 
MAGNETIC RESONANCE IMAGING 


OF THE HEAD AND NECK 
Second Edition 


By Anthony A. Mancuso, MD and William 

N. Hanafee, MD 

with a special contribution from John A. Kirchner, MD 
The leading guide to head and neck imaging now 

includes the first comprehensive discussion of otolar- 

yngologic MRI, an extensively revised chapter on tempo- 

ral bone, extraordinary images generated by state-of 

the-art equipment, and more. 

1985/504 pages/155 illustrations/*5476-7/S84.75 


Lymphography, Computed Tomography 
and Scintigraphy 
Second Edition 
Edited by Melvin E. Clouse, MD and Sidney 
Wallace, MD 

For assistance in selecting, performing and inter 
preting lymphatic images using state-of-the-art equip- 
ment and techniques, turn to the new Second Edition 


of the only book-length exploration of lymphatic 
evaluation. 


1985/526 pages /352 illustrations/*1651-2/S87.50 


COMPUTED TOMOGRAPHY IN THE 


EVALUATION OF TRAUMA 
Second Edition 


Edited by Michael P. Federle, MD anc Michael 
Brant-Zawadzki, MD 


In this new edition you'll find a thorough and up-to- 
date discussion of the clinical indications tor CT 
scanning in different types of trauma to virtually all 
areas of the body, keys to techniques of scanning and to 
accurate interpretation, and comparisons of CT to other 
radiographic procedures and laboratory tests. 

1986 /about 300 pages /about 370 illustrations / 
#3102-3/about $58.95 


CLINICAL ARTHROGRAPHY 
Second Edition 


By Rolf-D. Arndt, MD, John W. Horns, MD, and 
Richard H. Gold, MD 
with a special contribution by Donald D. Blaschke, 
DDS 

Including inflammatory diseases and other joint 
abnormalities, the Second Edition retains the emphasis 
on orthopedic disorders as it expands the basic princi- 
ples of arthrography and adds new. recently published 
concepts, such as double-contrast CT arthrography. 
1985/282 pages/147 illustrations /*#0256-2/S62.50 
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428 E. Preston Street Baltimore, MD 21202 
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If not completely satisfied, I may return the books with- 
in 30 days at no further obligation. (US & Canada only). 


PAYMENT OPTIONS 


(Enclose payment or charge your order and Williams & Wilkins™ ill pay all postage 
and handling costs.) 


O Check enclosed 
O VISA O MasterCard O American Express 
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O Bill me 








Signature, p.o. sf 





For fastest service...call 1-800-638-0672 toll free anywhere in 
the US except AK and HI: MD residents call 528-4221 collect. 
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QUESTION OR COMPLAINT? 

Call free: 1-800-638-6423; Maryland subscribers 
call 528-4105 collect. We can help you most 
efficiently if the mailing label from your latest 
issue is in front of you when you call, so that you 
can provide us with the journal code, volume, 
issue, and your subscription number. If the 
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your canceled check in front of you so that we 
can solve the problem over the telephone. 





University of Minnesota 


O Change of address O Payment enclosed 


O Renewal O Bill me later University of Trondheim 


Subscription Fulfillment Department 
Williams & Wilkins 

428 East Preston Street 
Baltimore, Maryland 24202 





We try to present an accurate index. Occasionally this may not | 
| be possible because of a last-minute change or an omission. 


















SUG LS) 






ger iC Dr riual every diagnostic need. Fuji’s pro- 
 cessors and daylight equipment are considered by 
many to be setting new standards for quality, relia- 
bility and ease of operation. 

Whether it’s very wide latitude films for chest 
radiography, single emulsion films for mammogra- 
phy, CT, MRI, new silver halide grain formation tech- 
nologies, or even films and equipment for digital 
imaging modalities using laser, Fuji has the capacity 
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SPECIAL ARTICLES 


1 Coronary thrombolytic therapy: state of the art. Marx 
M, Levin DC 

9 The Budd-Chiari syndrome: a review. Murphy FB, Stein- 
berg HV, Shires GT Ill, Martin LG, Bernardino ME 


THORACIC RADIOLOGY 


17 Pictorial essay. CT demonstration of calcified medias- 
tinal lymph nodes: a guide to the new ATS classifi- 
cation. Glazer HS, Aronberg DJ, Sagel SS, Friedman 
PJ 

21 Evaluation of a chest phantom for CT nodule densitom- 
etry. de Geer G, Gamsu G, Cann C, Webb WR 

26 Commentary. The solitary pulmonary nodule: role of 
CT. Sage/l SS 

29 Spontaneous pneumothorax in AIDS patients with 
Pneumocystis carinii pneumonia. Goodman PC, Daley 
C, Minagi H 


CARDIOVASCULAR RADIOLOGY 


33 Gated cardiac MRI: ejection fraction determination us- 
ing right anterior oblique view. Buckwalter KA, Aisen 
AM, Dilworth LR, Mancini GBJ, Buda AJ 

39 Digital indirect portography. Sussman SK, Braun SD, 
Perlmutt LM, Newman GE, Dunnick NR 

45 CT evaluation of Kimray-Greenfield filter complica- 
tions. Miller CL, Wechsler RJ 

51 Angiography in the in situ saphenous vein bypass. Dan 

-= SJ, Train JS, Mitty HA, Miller CM 


GASTROINTESTINAL RADIOLOGY 


57 CT after uncomplicated esophageal sclerotherapy. 
Mauro MA, Jaques PF, Swantkowski TM, Staab EV, 
Bozymski EM 

61 Umbilicated adenomas in familial polyposis coli: radio- 
logic and histologic correlation (case report). Smith 
HJ, Lee EL 

63 Perspective: the small bowel examination in the diag- 
nosis of Crohn’s disease. Carlson HC 


SKELETAL RADIOLOGY 


67 Avascular necrosis of the hip: comparison of MR, CT, 
and scintigraphy. Mitchell MD, Kundel HL, Steinberg 
ME, Kressel HY, Alavi A, Axel L 

72 Pictorial essay. CT of the sternum. Stark P, Jaramillo D 

79 MRI of tuberculous spondylitis. de Roos A, van Persijn 
van Meerten EL, Bloem JL, Bluemm RG 

83 Intraosseous and intradiscal gas in association with 
spinal infection: report of three cases. Bielecki DK, 
Sartoris D, Resnick D, Van Lom K, Fierer J, Haghighi P 

87 Chronic recurrent multifocal osteomyelitis (case re- 
port). Wiener MD, Newbold RG, Merten DF 


GENITOURINARY RADIOLOGY 


89 Impact of extracorporeal shock wave lithotripsy on 
percutaneous stone procedures. Bush WH, Gibbons 
RP, Lewis GP, Brannen GE 

94 Commentary. Extracorporeal shock wave lithotripsy 
and the radiologist. Pollack HM, Banner MP 

97 Management of male infertility: roles of contact ther- 
mography, spermatic venography, and embolization. 
Pochaczevsky R, Lee WJ, Mallett E 


NEURORADIOLOGY 


103 MRI of brain iron. Drayer B, Burger P, Darwin R, Riederer 
S, Herfkens R, Johnson GA 

111 Organized intracerebral hematoma with acute hemor- 
rhage: CT patterns and pathologic correlations. Lee 
Y-Y, Moser R, Brunner JM, Van Tassel P 

119 MRI of radiation injury to the brain. Curnes JT, Laster 
DW, Ball MR, Moody DM, Witcofski RL 

125 MRI of the chronically injured cervical spinal cord. 
Quencer RM, Sheldon JJ, Post MJD, Diaz RD, Montalvo 
BM, Green BA, Eismont FJ 

133 Sonography of the neonatal craniocervical junction. 

Cramer BC, Jequier S, O’Gorman AM 





141 Benign schwannomas: pathologic basis for CT inho- 
mogeneities. Cohen LM, Schwartz AM, Rockoff SD 

145 Pictorial essay. The normal nasopharyngogram. Khoo 
FY, Kanagasuntheram R, Chia KB, Lee WS, Teo AT, 
Ng HW 


INTERVENTIONAL RADIOLOGY 


149 The carcinoid syndrome: palliation by hepatic artery 
embolization. Carrasco CH, Charnsangavej C, Ajani J, 
Samaan NA, Richli W, Wallace S 

155 Fine needle aspiration biopsy: the role of immediate 
cytologic assessment. Miller DA, Carrasco CH, Katz 
RL, Cramer FM, Wallace S, Charnsangavej C 

159 Percutaneous biliary drainage in diffuse Caroli’s dis- 
ease (case report). Rose SC, Kumpe DA, Weil R Ill 

161 Thrombosed synthetic hemodialysis access fistulas: 
the success of combined thrombectomy and angio- 
plasty (technical note). Smith TP, Hunter DW, Darcy 
MD, Castaneda-Zuniga WR, Amplatz K 

164 Insertion of a large-caliber biliary endoprosthesis via 
the T-tube tract (technical note). Sammon JK, Teplick 
SK, Haskin PH 


NUCLEAR MEDICINE 


167 Indium-granulocyte scanning in the painful prosthetic 
joint. Pring DJ, Henderson RG, Keshavarzian A, Rivett 
AG, Krausz T, Coombs RRH, Lavender JP 

173 111 in-labeled leukocytes in the detection of prosthetic 
vascular graft infections. Williamson MR, Boyd CM, 
Read RC, Thompson BW, Barnes RW, Shah HR; Bala- 
chandran S, Ferris EJ ro 

177 Evaluation of peritoneovenous shunt pater l 
peritoneal Tc-99m macroaggregate@tbumi 
experience. Stewart CA, Sakimuré 
Siegel ME 

181 Radiocolloid scintigraphy in Felti 
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E-Z-EM. This lead protective apron features a 
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comfort for the wearer. 
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Free 
Fitting 
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Title Page 


Titles should be brief yet precise, accurately conveying the content 
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postal code; acknowledgment of grant or other financial support 
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Abstract 


A description of the purpose, methods, results, and conclusions of 
the study is required. The factual highlights of each section should 
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Introduction 
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background facts that indicate its current relevance. 


Materials [or Subjects] and Methods 
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Results 
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Case Reports 
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Discussion 
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subjects, and methods to give perspective to their adequacy for the 
purpose of the study. Interpret the results to lend meaning and 
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on the results are encouraged. When results differ from those of 
previous investigations, an attempt should be made to explain the 
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Tables 


Tables should be concise and organized to show trends, not merely 
compilations of raw data. (The Editor may request that tables of 
backup data too extensive to be published be deposited with the 
National Auxiliary Publications Service or made available by the 
author.) Include only data pertinent to the subject. Long itemized 
case histores are better presented in the text as case reports or 
summaries. Do not repeat in tabular form material presented in the 
text. Tables should have titles and headings, but no vertical or 
horizontal rules. 


Illustrations 


Figures should be submitted as 13 x 18 cm (5 x 7 inch) glossy, 
black-and-white prints, untrimmed and unmounted. Labels and ar- 
rows must be of professional quality and removable. Number each 
figure to correspond with the figure legends and indicate the top. 
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publication of facial photographs of patients or for previously pub- 
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handling. Color illustrations will be used at the discretion of the Editor; 
send color prints. Firm estimates of cost will De sent to the author(s) 
for approval before publication. Identical anatomic structures in color 
prints should be the same size to facilitate reproduction and reduce 
cost. 


Legends 


Figure legends should carry a title identifying the message of the 
illustration and the case number if individual cases are described in 
the text. Legends should be as brief as possible for the informed 
reader to understand the figure. Detailed clinical data should be 
avoided. Legends for previously published illustrations should cite 
the reference number of the source (e.g., Reprinted from [8]). 


Organization of Case Reports 


Concise case reports will be considered fOr publication if they 
present unusual experiences that are medically mportant and instruc- 
tive. Clarity and brevity are essential. After preliminary screening by 
an editor to determine whether the requirement of medical signifi- 
cance has been met, qualifying papers will undergo the same peer 
review as major papers. To facilitate planning the order and layout of 
each issue, case reports are limited in length to two journal pages. 
The introduction should be one short paragreph that gives some 
general background of the disorder and the specific interest and 
message of the case presented. Only one case should be described 
in detail. The case report should concentrate or the radiologic infor- 
mation and its usefulness. The discussion should focus on the specific 
message of this report and the relevance of radiclogy in this instance. 
If the author has encountered other cases, they may be briefly 
mentioned, and possibly illustrated, but not described in detail. There 
should be no more than eight references. The figures should be 
limited to the minimum required to document the case findings, 
probably not more than four pictures, each a column wide (or the 
equivalent). Excess illustrations would require severely shortening 
the text. Figure legends should be as short as possible and should 
not repeat the text. There can be no tables and nc acknowledgments. 
See previous sections for detailed instructions regarding references 
and illustrations. 


Other Contributions 
Technical Notes 


Brief descriptions of new techniques or significant modifications of 
older ones that are directly applicable to the clinical practice will be 
accepted if review is favorable. Technical notes do not carry abstracts 
or acknowledgments. 


Letters to the Editor 


Letters are subject to editing and condensation. Criticism of pub- 
lished articles should be objective and constructive. Letters also may 
discuss matters of general interest to radiologists. 
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When physicians refer to clinically superior MR, 
they're referring to Signa 


The Signa® system has always 
attracted physicians’ attention. It’s 
also attracting their referrals. 


The reason? Image quality. 
Images of stunning definition and 
detail that provide diagnostic 
accuracy from thin slice to thick, 
from routine to the most demanding 
studies. Also, access to a dynamic 
range of MR applications that only 
the high field Signa system can 
perform ...and to the leading- 
edge MR research and development 
that only General Electric can offer. 


Spine imaging 

MR is rapidly becoming the 
imaging modality of choice for 
spine evaluations, and Signa the 
preferred system. Diagnosticians 
count on Signa images to provide 
the edge definition, contrast detail 
and superior signal-to-noise ratio 
needed for accurate cervical, 
thoracic and lumbar studies. This 
confidence is being reflected in the 
bottom line at Signa sites: many of 
our sites are now receiving spine 





First and second echo images of a 
L5/S1 herniated disc in a 32 year old 
female. Note the visualization of the 
nerve roots (arrows) and the loss of 
signal intensity in the degenerated disc 
on the T2 weighted image. 


cases that used to be referred 
routinely to other institutions— 
ones with low field systems. 


High resolution imaging 
of minute structures 


With the high signal-to-noise ratio 
of the Signa system, fine details of 
anatomy and pathology are revealed 
with exceptional clarity. For example, 
pituitary microadenomas are 
detected routinely in clinical 
settings with the Signa system.” 
Such thin section, high resolution 
imaging is simply not possible with 
most other MR systems. 





T1 weighted image of a pituitary micro- 
adenoma (arrow) in a 27 year old female. 


Imaging of iron 

One of the breakthrough applica- 
tions of the 1.5T Signa system is 
the ability to image iron distribution. 
This high field advantage enables 
clinicians to detect intracranial 
hematomas, and to determine their 
age and characteristics as well.” It 
also is providing new insights into 
many neurodegenerative disorders, 
including Huntington's, Parkinson's, 
and Alzheimer's diseases.” 


GENERAL @@ ELECTRIC 





T1 weighted image (top) of a 66 year 
old female with elevated blood pressure 
and a 24-hour-old intracerebral hema- 
toma in the basal ganglion. T2 weighted 
image (bottom) of same patient demon- 
strates hypointensity caused by deoxy- 
hemoglobin in intact red blood cells. 


The future, built-in 


The Signa system is your direct 
link to the future of MR. Tomorrow’s 
protocols and applications are being 
developed today at leading research 
sites using Signa technology. 


With Signa you get more than an 
MR system that accommodates the 
future. You get the system that’s 
determining it. 

To discover how Signa can make 
your site the reference point for MR, 
call us. 


800-433-5566. 


1D. Norman, T.H. Newton. “MRI of the spine and cord: a 
present perspective.” ASNR 1986. 


2image courtesy of St. Joseph's Hospital Phoenix, AZ. 
3J.M. Gomori, R.I. Grossman, et al. “Intracranial hematomas: 
imaging by high-field MR” Radiology 157(2), 87-93, Oct. 1985. 
4B. Drayer, et al. “Magnetic resonance imaging of brain 
iron.” AJNR, May, 1986. 


Surface coils are currently classified as investigational and 
are limited by federal law to investigational use. As such, 
they cannot be made commercially available until necessary 
government approvals are granted. 
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The Mamex DC is a complete mammographic 
system, consisting of a modern, efficient DC 

generator which virtually eliminates “ripple” and 
gives a higher resolution image with consistently 
higher subject contrast; a molybdenum anode 
x-ray tube; and a motorized compression system 
a with floor remote control. 





Standard features: 

* Compact DC generator with automatic 
exposure control. 
Exposures can be made once every 30 seconds. 

* Stand designed for x-ray examination of the 
breast. 

* Hardened glass screen protects technician 
during exposure. 

* Floor remote compression control. 

* Phototiming detector position selector. 

* Field light. 

* Breast compression plate; 

Biopsy compression plate; 

Spot cone compression plate. 

18x24cm Kodak Min-R cassette with screen. 

Film identification markers. 

Automatic line voltage compensation. 

.6x.6 stationary anode molybdenum x-ray tube 

with beryllium window. 


+ + + + 


Options: 

* 200L 3.5:1 grid. 

* Carbon fiber cassette tunnel with grid pocket. 
* In-hospital wheel assembly (shown). 

* Van wheel assembly. 


Mamex DC ._.. 


* Five-year proven track record of performance 
and reliability: 

* Hundreds of satisfied physicians, clinics, and 
hospitals throughout the United States and 
internationally; 

* Full 12-month non-prorated warranty on the 
x-ray tube; 

* Average midbreast dosages, on a 2-film exam of 
a 6cm compressed breast, of .07R or less (as 
documented by the University of Michigan 
Breast Cancer Detection Center - Ingvar 
Andersson, M.D.) 


a. 2 .. Offers your facility the very best in diagnostic 
Original MAMEX DC equipment available in today’s marketplace. 








The perfect profile for narrow navigation. 


The New Schwarten’ 
LP Catheter 






How narrow can you get? As narrow as 
the new Schwarten™LP Balloon Dilatation 
Catheter from ACS. The new Schwarten 
Low Profile Catheter gives you smooth, 
simple and confident performance in 
fragile tibial, peroneal and renal 
vasculature. 


Experience easy entry and passage in 
some of the tightest situations a patient’s 
peripheral circulation can present. In 
addition, flexible but firm coaxial design 
can provide you with excellent tracking 
over a guide wire to get where you want 
to be during positioning Radiopaque 
balloon and tip markers allow for vivid 
visualization and more exact balloon 
placement. 


For additional information on the new 
Schwarten LP Balloon Dilatation Catheter, 
call toll-free: 800 227-9992. 


Advanced Cardiovascular Systems, Inc. 
1395 Charleston Road 


Mountain View, CA 94039 


> t 415 965-7360 
Where Innovation continues. Toll free: 800 227-9902 


ACS is a wholly owned subsidiary TWX (Telex II) 23-289-720 
Lilly of Eli Lilly and Company. 
© 1986 Advanced Cardiovascular Svsteme Inc 





Two step film .untrol 





Minimize X-ray exposure. Optimize image quality. Stabilize film 
processor performance, film speed and contrast. Quickly. Easily. 





The Tobias Model RF 
Wejex Sensitometer 





Produces a precise 11-step wedge exposure 
on your X-ray film. Exposure made just 
before processing eliminates latent image 
fade problem.* Features: Precise shutter 
exposure control. Variable lamp intensity. 
Provisions for 2” 2” ANSI blue, green or 


and 35mm test film alignment. And more. 


*Lawrence, D.J.: A Simple Method of Processor Control, 
Med. Rad. and Photog. 49, 2-6, 28, 1973 (Reprints available 
on request) 


Weyjex Universal 
Model RF 

Also available 
Wejex Standard 
Model R 








For a demonstration, call your Tobias dealer. 
Or write for our brochure. Ask about our 30 day free trial 
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The Tobias 
Model TBX Digital 
2 Densitometer 


Measures optical transmission 
density of the Wejex-exposed step 
wedge over a density range of 0 
to 4.50. Accuracy + 0.02. 
Repeatability + 0.01. State-of-the- 
art electronics. Lighted digital 
display. 5 second warm up. Easily 
portable. Virtually no zero drift. 
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Konica... sharpening 


your diagnostic capabilities. 








KONICA 
X-R 


provides you with excellent tech- 
From conventional X-ray films nical support, quality assurance 
to state-of-the-art HMG* imag- . ICA and educational programs for 
ing technology, Konica, a world f KONICA iM XRAY your staff. 

leader in medical imaging films H If you'd like to sharpen your diag- 
offers a multitude of ways nostic capabilities, take a good 
to sharpen your diagnostic look at Konica. We'll show 
capabllities. you how our technology, film 
Konica offers imaging films for products and support services 
all diagnostic needs, from clearly make a difference. 
general radiography through Konica-leading medical imaging 
CT, Nuclear Medicine, Ultra- into the future. Konica Medical 
sound, Digital Radiology and Corporation, 411 Newark Pomp- 
Magnetic Resonance Imaging. we ton Turnpike, Wayne, N.J. 07470 
Our leading-edge technology, and 
over 112 years of manufacturing experi- “The latest in advanced film technology. Konica 
ence and quality control assure you of HMG films are high-speed, higher resolution, 
consistently Superior imaging products. orthochromatic films designed for maximum detail visi- 
And to optimize your imaging results, Konica bility and minimum image gralmness. 
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Clear clean, clinically 
sound X-rays... 
the ultimate test 
of proper bowel 
preparation. 


it’s only common sense, then, that the best 
prepping regimen is the one that consistently 
yields the most diagnostic X-rays. That's the 
simple concept behind the design of our 
E-Z-EM Prep and E-Z-EM Prep Ii kits. 











Not just a prep, 
but a prepping system. 


Proper and thorough bowel cleansing 
means more than just supplying a series of 
laxative products. Thats why our 

prep kits are only 
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E-Z-EM Magnesium Citrate 
contains no alcohol and is low 
in sodium. It comes packaged 
in single dose, foil-wrapped 
packets which eliminate break- 
age and greatly reduce storage 
requirements 


Two complete 
prep kits. 


The E-Z-EM Prep System is thorough 
In addition to Magnesium Citrate, 
each E-Z-EM Prep kit includes four 






enteric coated Bisacodyl! tablets and one 
Bisacodyl suppository. Along with our gentle 
hydration regimen, these components 
effectively cleanse the small bowel, colon, 
and recto-sigmoid. 


When a cleansing enema is desired, the 
E-Z-EM Prep ll kit is available. It replaces the 
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Complete in-service 
training. 


Our technical representatives are availabli 
to train your nursing staff in using the E-Z-Eh 

Prep System. The entire prograr 
is available on videotap 
and in print, to 







in short, the 
only complete 
prepping system. 


The E-Z-EM Prep System has been 
designed for: @ Effective cleansing 
E Patient comfort m Ease of use 

E Minimal storage requirements 

E No breakage 


For free samples 
and additional information, 
contact your local representative, 
or call E-Z-EM toll-free at 800-645-3052. 
In New York call 516-333-8230. 


F-Z-EM® E-Z-EM, Inc. 
7 Portland Avenue 
Westbury, N.Y. 11590 


A compiete 
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for the 
cost of a prep kit. 
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Ackrad H/S Catheter Set for 


Hysterosalpingography 


Now: Easier on the Patient... 
Better for the Physician 


The unique small sizes (5 and 7F) of the flexible balloon- 
bearing catheter provide previously unavailable free- 
dom from trauma for the patient. A placement sheath 


and inflation syringe are included in the set for a rapid 
and efficient procedure. 





Sample furnished on request. 
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Doppler and imaging of ICA lesion demonstrating 50 to 79% stenosis. 
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Dual Mode imaging of neonatal abdomen with ascites. 


acusom 


COMPUTED SONOGRAPHY 





L D O K 


BEST IMAGING INVESTMENT 

® Unparalleled image quality. 

= Recognized leadership through 
unique technology. 


a Acuscn is the only major radiology 
ultrasound company not to 
obsolete its product in the last 
three vears. 


a Todays enhanced performance 
—ijmage quality improvements, 
simultaneous Doppler for linear 
and sector, and more—'is installed 
even on the first system shipped. 


= More advances in Computed 
Sonography are under develop- 
ment row. 


UNSURPASSED PRODUCTIVITY 
= Earlier diagnostic capability. 


= Fewer referrals to other modalities. 


= Fewer exams per patient. 
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99.9% up-time delivered! 





= New and exciting applications. 


= Increased marketability of your 
diagnostic services. 


= Increased diagnostic confidence. 
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a Over 500 installations in the 
USA alone. 


® 30% of our customers are in 
private practice or in hospitals 
under 200 beds. 


= in 1985, our installed base 
increased 34% due to repeat sales 
alone. 


=" Computed Sonography is the 
acknowledged performance Gold 
Standard in ultrasound. 


IF YOU'RE IN THE IMAGING 
BUSINESS, YOU CAN'T 
AFFORD TO BE WITHOUT 


COMPUTED SONOGRAPHY. 


= Call 1-800-4-ACUSON. Or in 
California cal 1-800-5-ACUSON. 
We'll make a believer out of you! 
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CHIEF 
DIVISION RADIATION THERAPY 


Superb opportunity to manage modern department equipped with 20 MEV 
linear accelerator, cobalt and orthovoltage. 17,000 megavoltage treatments and 
1,600 expected simulations annually. 


The Allentown Hospital, a 305-bed teaching hospital, is a component of Health East, 
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at the two HealthEast hospitals in Allentown is 85%, with 500 Medical Staff 
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One of your toughest jobs is keeping up with the 
many new developments that affect radiology. 
That's why you want Contemporary Diagnostic 
Radiology...an effective and 
convenient way to perfect your 
skills and maintain your profes- 
sional status. 


Contemporary Diagnostic Radi- 
ology is designed as a continuing 
education program that lets you 
work at your own pace. Every two 
weeks you'll receive an issue that 
covers a single topic or procedure 
in detail. Read the information and 
study the clearly reproduced radi- 
ographs—and then, if you choose, 
respond to a comprehensive 
examination in the strictest confi- 
dence. You set the pace. 

Each biweekly lesson brings you 
pertinent review of the basics in 
bone radiology ... gastrointestinal 
radiology ... pediatric radiology... 
genitourinary radiology... MR 
imaging... and all of the topics 
you want to know more about. 














Contemporary Diagnostic Radiology works two 
ways. You may choose to subscribe to the non- 
scoring version, receiving every issue as an impor- 
tant element of your professional 
reading. The scoring version, how- 
ever, supplements your reading 
and computer-coded examina- 
tions with confidential result 
responses, making you eligible for 
Continuing Medical Education 
credits Co-sponsored by the Uni- 
versity of Pennsylvania School 

of Medicine. 


“As an organization for continu- 
ing medical education, the Uni- 
versity of Pennsylvania School of 
Medicine designates this contin- 
uing medical education activity 
as meeting the criteria for 1 
credit hour per bi-weekly issue in 
Category I for Educational 
Materials for the Physician's 
Recognition Award of the Ameri- 
can Medical Association pro- 
vided it has been completed 
according to instructions.” 


You can begin this ongoing program today. Contemporary Diagnostic Radiology is a 
year-round program, so you can join at any time. To begin your lessons, just fill out the 

enclosed card and return it to us. Or call FREE 1-800-638-6423 (except from Alaska and 
Hawaii). In Maryland call COLLECT 528-4105. You'll find that Contemporary Diagnostic 
Radiology is the most efficient and inexpensive way to keep up with your dynamic field. 
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The Xerox 120 Dedicated Mammography 
X-Ray System was designed specifically 
to overcome the shortcomings in existing 
mammography equipment. We improved the 
geometry, combining a small focal spot with 
long source-to-image receptor distance, to 
provide superior resolution. The result: 
better quality images for both xeroradiog- 
raphy and screen/film methods. 

The 120 System speeds your patients’ 
exams, too, and therefore helps accommodate 
your growing mammography volume. Its 
many and unique positioning features pro- 
vide greater convenience and better access 
for the technologist; for example, the tech- 
nologist cam position the patient face-to-face, 
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Accessories are available to meet 
any of your mammography needs, including 
magnification, localization, stationary and 
moving grids, automatic exposure control 
and automatic compression. 

For additional information on the 
versatile 120 System, contact your Xerox 
Medical Systems representative, or write to 
us at 125 North Vinedo Avenue, P. O. Box 
5786, Pasadena, CA 91107-0786. 

From Xerox Medical Sysiems, 
dedicated to breast imaging. 
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Nonlymphomatous Lymphoid 
Disorders of the Lung 





Nonlymphomatous lymphoid disorders of the lung consist of several entities with 
varied histology and clinical behavior. On the basis of histologic appearance, six lesions 
can be identified. They include Castleman’s disease, plasma-cell granuloma, pseudo- 
lymphoma, lymphocytic interstitial pneumonitis, angioimmunoblastic lymphadenopathy, 
and lymphomatoid granulomatosis. These conditions in 22 patients, their radiologic and 
histopathologic features, and their relationship to the malignant lymphomas are dis- 
cussed. Although a radiographic diagnosis may be suggested, overlapping features 
mandate open-lung biopsy in most instances. The frequent evolution toward malignant 
lymphoma with lymphomatoid granulomatosis and pseudolymphoma necessitates close 
follow-up and sometimes aggressive therapy. 


A spectrum of lung diseases exists that are characterized by involvement of the 
pulmonary lymphoid system. While an entity may be histopathologically benign, a 
continuum exists with respect to morphology and subsequent behavior, so that 
evolution into a malignant form may occur. Because of variations in histology and 
subsequent degeneration, and occasional coexistence with frankly malignant or 
autoimmune entities, there is confusion in categorizing pulmonary lymphoid disor- 
ders. As new criteria for classifying malignant lymphomas have evolved, it has also 
become apparent that entities once thought to be benign may, in fact, not be. 

Six conditions are considered to represent nonlymphomatous lymphoid disorders 
of the lung: Castleman’s disease, plasma-cell granuloma, pseudolymphoma, lymph- 
oid interstitial pneumonitis, angioimmunoblastic lymphadenopathy, and lympho- 
matoid granulomatosis. In the context of our experience with 22 cases, the 
radiographic and pathologic characteristics as well as the relationship of these 
disorders to malignant lymphoma will be discussed. 


Subjects and Methods 


A total of 22 patients with diagnoses in the category of nonlymphomatous lymphoid 
disorders were seen at the Hospital of the University of Pennsylvania in the past 10 years. 
Medical records, radiographs, and pathologic specimens were reviewed; patient information 
is Summarized in Table 1. 

Radiographs of interest were not available on one patient with pseudolymphoma who had 
had a lobectomy subsequent to his diagnosis. On five patients (patients 11-15), it was not 
possible to review the original slides; the pathology reports were used in those instances. 


Results 


One patient with Castleman’s disease presented with hilar adenopathy on chest 
radiograph. Three patients with plasma-cell granuloma had chest radiographs 
demonstrating a localized mass or nodule initially suspected of representing tumor. 
Pathologic evaluation revealed benign histology in all four patients, and none 
developed lymphoma. 
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TABLE 1: 22 Patients with Nonlymphomatous Lymphoid Disorders, Listed According to Original Diagnosis 


GLICKSTEIN ET AL. 
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Origina! Diagnosis: Patient No. 


Piasma cell granuloma: 
1 


2 
3 

Castieman’s disease: 
4 


Pseudolymphoma: 
5 


Lymphocytic interstitlal 
pneumonitis: 
10 


11 
12 
13 


14 


Angicimmunobiastic lymph- 
adenopathy: 
15 
Lymphomatoid granuloma- 
tosis: 
16 


17 


18 


Clinical Findings 
Chest pain 


Cough, Hemoptysis 
Preumonitis 


Upper respiratory infec- 
tion 


SOB, cough 
Viral pneumonia 


Multiple skin nodules 
(1959) 


Lung mass 


NA 


Cough 


Chest Radiographic Findings 


LLL mass 
LLL nodule 


LLL nodule 


Bilateral hilar ade- 
nopathy 


Multiple pulmonary 
nodules with domi- 
nant RLL mass 

Multiple small pulmo- 
nary nodules, intersti- 
tial lung disease 

RLL pulmonary nodule 
(1981) 


Right lung mass 


Muitipie pulmonary 
nodules 


Bibasilar interstitial dis- 
ease, cardiomegaly 


Chronic RUL and RML 
inflitrates 


Bilateral interstitial dis- 
ease X 23 years 

Bilateral interstitial lung 
disease with basilar 
consolidation 

Bilateral interstitial dis- 
ease 


Within norma! limits 


Bibasilar nodules 
Bilateral interstitial inff- 


tate; right pleural 
mass 


Bibasilar nodules 


Outcome 


Asymptomatic x 3 
years 
Asymptomatic x 7 


years 
Asymptomatic x 7 
years 


Asymptomatic, no 
change in CXR x 4 


years 


Asymptomatic x 18 
months 


Developed lymphoma 3 
years later 


No change in skin nod- 
ules; no therapy; de- 
veloped lymphoma 
paraspinal (1982) 

Mediastinal mass de- 
veloped after 20 
years (not blopsied); 
died of myocardial in- 
farction 

Developed aggressive 
| ; died 18 
months after diagno- 
sis 


Died secondary to 
rheumatic heart dis- 
ease 

Persistent pulmonary 
infiltrates and interst+- 


Clinically stable 14 
years after diagnosis; 
Eaton gammopa- 

y 


Died 11 months after 
diagnosis with lym- 
phoma 


Died 9 months after di- 
agnosis 
: Resolution of pulmo- 
~ Nary infiltrates on 
chemotherapy; cur- 
rently asymptomatic 
1 year after diagnosis 
Died 18 months after 
Giagnosis 


PCG 


Probable Castleman’s 
disease 


Pseudotymphoma 


NHL (smal! cet) 


NHL (large cell) 


Pseudolymphoma 


NHL 


LIP 


LIP 


LIP 


LIP 


LIP 


NHL (small ce) 


NHL 


NHL 


NHL 
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TABLE 1—Continuec 


Original Diagnosis: Patient No. 


NONLYMPHOMATOUS LYMPHOID LUNG DISORDERS 


Clinical Findings 





19 


Chest Radiographic Findings 





Fever, SOB, sweats 


20 Rash (5/84) 

21 Blurred vision, Bell's 
palsy, foot drop 

22 Back pain, collapsed 


Initially diffuse alveolar 
infiltrate; subse- 
quently developed 
multiple nodules with 
cavitation 

Diffuse interstitial infil- 
trates 

Multiple nodules 


Single pulmonary nod- 


Outcome 


Died 5 months after di- 
agnosis 


Died (1/85) 


Developed lymphoma 
nodules resolved on 


chemotherapy; stable 


3 years after diagno- 
SiS 
Clinically stable x 3 


vertebra 


aaa aaa, 
Note.—CXR = chest radiography; LLL = left lower lobe; PCG = plasma-cell granuloma; SOB = short of breath; RLL = right lower lobe; NHL = non-Hodgkin's lymphoma; NA = not 


ule 


years; then lost to 


follow-up 


available; LIP = lymphocytic interstitial pneumonitis; RUL = right upper lobe; RML = right middle lobe; FUO = fever of unknown origin. 


TABLE 2: Features of Nonlymphomatous Lymphoid Disorders of the Lung 


Original Diagnosis 


Radiography 


Pathology 





Plasma-cell granuloma 
Castleman's disease 
Pseudolymphoma 
Lymphocytic interstitial 


pneumonitis 


Angioimmunoblastic 
lymphadenopathy 


Lymphomatoid granuloma- 
tosis 


Solitary pulmonary 
mass 

Hilar or mediastinal 
mass 


Single or multiple nod- 
ules 


Interstitial infiltrates 


Interstitial and alveolar 
infiltrates; ade- 
nopathy, pleural effu- 
sions 


Multiple pulmonary 
nodules or masses; 
cavitation frequent; 
adenopathy rare; 
pleural masses or ef- 
fusions 


Mature plasma cells 


Mature lymphocytes 
and/or plasma cells; 
lymph-node architec- 
ture preserved 

Mature polyclonal Ilym- 
phocytes; reactive 
germinal centers 


Mature lymphocytes, 
histiocytes plasma 
cells, + granuloma; 
interstitial involve- 
ment 


Immunoblasts, small- 
vessel proliferation, 
eosinophilic intersti- 
tial material 


Atypical, bizarre lym- 
phocytes, mitotic fig- 
ures, necrosis, peri- 
vascular prominence 


Final Diagnosis 





NHL (mixed .arge and 
small cell) 


NHL 


NHL (large cell) 


NHL (small cell) 


Lymphomatous 
transformation 


0 


0 


ae 


tte 


a am rs a rr SS SE Sa SS SS Ses 


Note.—0 = least; ++++ = most. 


Radiographs were evaluated in four patients with the his- 


tologic diagnosis of pseudolymphoma. In three patients, mul- 
tiple nodules were present with an appearance similar to 
metastases. In one patient who subsequently developed lym- 
phoma, the nodules improved with chemotherapy, which was 
given when the diagnosis of pseudolymphoma was made. 
The fourth patient had a solitary pulmonary nodule. No cavi- 
tation, pleural disease, or adenopathy was seen in any of 


these patients. One patient also had a background of inter- 
Stitial disease that was apparent radiographically and that 
was thought to represent a component of lymphoid interstitial 
pneumonitis. A second patient also had similar findings of 
interstitial disease manifested on histologic but not radi- 
ographic examination. 

Of five patients with lymphocytic interstitial pneumonitis, 
predominantly basilar interstitial disease was present in three. 


230 





The other two patients had a more generalized distribution. 
One patient had transient infiltrates, sometimes lasting for 
weeks, on several occasions over a 4—5-year period. Medical 
records were not available for review in one patient, but in 
four patients records showed that diagnoses and extent of 
disease remained relatively stable over a period of years. One 
patient also had an associated polyclonal gammopathy, but 
in no patient with follow-up was there development of lym- 
phoma or autoimmune disease. 

No patients with thoracic manifestations of angioimmuno- 
blastic lymphadenopathy were seen at our institution. For one 
patient with a normal chest radiograph, the diagnosis was 
made by biopsy of a peripheral node. This patient subse- 
quently developed a non-Hodgkin’s lymphoma. 

In all seven patients with a diagnosis of lymphomatoid 
granulomatosis, chest radiographs demonstrated parenchy- 
mal disease. Multiple pulmonary nodules were most com- 
monly seen and ranged in size from about 5 mm to large 
masses measuring 5 cm. In one case, coalescence of multiple 
nodules resembled lobar consolidation. Cavitation was seen 
in two patients within the larger sized nodules. In one patient, 
the disease was mainly pleural in distribution with little paren- 
chymal involvement. Pleural involvement was present in two 
additional patients as well. Neither pleural effusions nor ade- 
nopathy were seen in any patient. 

In six of seven patients initially diagnosed as having lym- 
phomatoid granulomatosis, a downhill clinical course led to 
review of their histopathology and resulted in their reclassifi- 
cation to non-Hodgkin's lymphoma. Original pathology was 
unavailable in one patient. The malignant non-Hodgkin's lym- 
phoma was large-cell, small-cell, or mixed type. Four patients 
eventually died from their lymphoma; in two others, the nod- 
ules resolved on chemotherapy and the patients remain well 
1 and 3 years later, respectively. Long-term follow-up was 
unavailable in one patient. 
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Fig. 1.—Plasma-cell granuloma. A, 
Radiograph demonstrates large solitary 
mass in right lower lobe. This was sub- 
sequently resected. Case courtesy of S. 
Borden, Children’s Hospital of Philadel- 
phia. B, Microphotograph shows numer- 
ous plasma cells (arrows) with a fibrous 
background. (400x) 


Discussion 


The spectrum of nonlymphomatous lymphoid disorders 
represents a variety of radiologic and pathologic findings 
(Table 2). The radiographic pattern will vary depending on 
involvement of a given compartment of the lymphoid system. 
Discrete masses as a result of lymph-node involvement, in- 
terstitial patterns from lymphatic disease, ill-defined masses 
from proliferation within the unencapsulated bronchial asso- 
ciated lymphoid tissue, pleural disease, or a combination of 
the above may all be seen. 


Plasma-Cell Granuloma 


Our experience confirms the benign nature of plasma-cell 
granuloma [1]. The lesion consists of a benign proliferation of 
mature plasma cells within lung parenchyma and is often 
discovered incidentally on chest radiograph. Other terminol- 
ogy, such as histiocytoma, xanthogranuloma, and fibroxan- 
thoma reflect variations in cellular constituents that may be 
seen. The term inflammatory pseudotumor, popular in the 
radiologic literature, should be abandoned as lacking a definite 
histologic counterpart. There is no relation to the “plasmacy- 
toma” as seen in multiple myeloma, and histologic character- 
istics of a granuloma are also absent. 

Patients with plasma-cell granuloma are usually asympto- 
matic. Bahadori and Liebow [1] reported a series of 40 
patients, 23 of whom were less than 30 years old and 11 of 
whom were less than 10 years old. Nonspecific complaints, 
hemoptysis, shortness of breath from an airway obstruction, 
and dysphagia secondary to extrinsic esophageal compres- 
sion have been reported [2]. Laboratory data, including 
gamma globulin level, are generally within normal limits. Al- 
though the lesion has been thought to be postinflammatory 
[3], 60% of patients have no antecedent illness [1]. 
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Fig. 2.—Castleman's disease. A, 
Chest radiograph demonstrating bilateral 
hilar adenopathy that was unchanged 2 
years later. B, Microphotograph illus- 
trates germinal center (/arge arrow) with 
prominent vessel (small arrow). (400x) 
Preservation of lymph-node architecture 
favors a benign process. 


Radiographically [1, 4], plasma-cell granuloma usually pre- 
sents as a well-circumscribed, solitary, rounded mass in the 
lung that ranges from 1 cm in size to involvement of an entire 
lobe (Fig. 1A). Cavitation in areas of necrosis and hemorrhage 
has been reported [1, 5], and calcification may be seen on 
rare occasions, particularly on conventional tomography [4]. 
The lesions may be slow growing and may cause atelectasis 
because of their mass effect on the bronchi. They rarely 
present as endobronchial lesions causing postobstructive 
atelectasis [3]. 

On gross pathology [1], the lesions present as discrete 
masses lacking a true capsule and frequently containing areas 
of hemorrhage, necrosis, or both. Microscopically (Fig. 1B), 
mature plasma cells and fibroblasts are the major cellular 
constituents. Mononuclear cells, also present, may be laden 
with lipid and give the gross specimen a yellow color reflected 
in alternative terminologies [6]. A sclerosing vascular variant 
in which abnormal vascularity is a prominent feature of 
plasma-cell granuloma has been described [7]. 

No malignant behavior has been reported with plasma-cell 
granuloma, although invasion into contiguous mediastinal 
structures has occurred [1, 4] and local recurrence has been 
reported in rare instances. Because of its generally benign 
behavior, a limited surgical approach with wedge resection of 
the involved pulmonary segment is sufficient and appropriate 
therapy [8]. 


Castleman's Disease 


First described as benign lymph-node hyperplasia [9], Cas- 
tleman’s disease has been referred to by a variety of names 
including !ymph-nodal hamartoma, follicular lymphoreticu- 
loma, angiofollicular !ymph-node hyperplasia, angiomatous 
lymphoid hamartoma, giant hemolymph node, giant medias- 
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tinal lymph-node hyperplasia [10], and Castleman's lym- 
phoma [11]. 

The condition is considered to be benign and patients 
usually are brought to medical attention with the incidental 
discovery of a mediastinal mass on chest radiograph. The 
chest is the most common site of occurrence [12] although 
extrathoracic involvement does occasionally occur [11, 13]. 

Patients are usually asymptomatic although complaints re- 
lated to mass effect upon adjacent structures have been 
reported in both thoracic and abdominal cases. A less fre- 
quently occurring plasma-cell variety [12] has been associated 
with a variety of nonspecific laboratory abnormalities including 
anemia, hyper- or hypogammaglobulinemia, and elevated lac- 
tic dehydrogenase. Constitutional symptoms such as fever, 
night sweats, and fatigue also occur. 

A variety of radiographic findings has been reported. Most 
commonly a mediastinal or hilar mass is seen that may 
simulate lymphoma [12] (Fig. 2A). Lesions are generally well- 
circumscribed and may become very large. Calcification rarely 
occurs [14, 15]. On angiography, the masses are extremely 
hypervascular (11], which accounts for their enhancing char- 
acteristics on CT scanning [16, 17]. 

Two forms of giant lymph-node hyperplasia have been 
described [12]. The hyaline form accounts for approximately 
90% of reported cases and is characterized by prominent 
capillaries in germinal centers interspersed among hyaline 
fibrous tissue (Fig. 2B). A variable cell population is present, 
and residual foci of recognizable lymph-node architecture 
suggest the origin of the mass to be a proliferation within a 
previously normal lymph node. 

The plasma-cell type accounts for the remaining cases and 
is characterized by sheets of plasma cells in interfollicular 
lymph-node tissue. Other cell types are uncommonly seen, 
and well-defined lymph-node follicle centers are typically pres- 
ent. 
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The histologic features of both forms are consistent with 
an inflammatory reaction of antigenic stimulus. The two forms 
of the disease may represent different phases of the same 
process, with the plasma-cell variety an earlier, more active 
Stage and the hyaline vascular a more chronic form. Recent 
documentation of Castleman’s disease in patients with AIDS 
Suggests an immunologic basis in its pathogenesis [18]. 

Complete surgical excision is the treatment of choice, and 








Fig. 3.—Pseudolymphoma. Radiograph shows a solitary right-lower-lobe 
nodule, the usual appearance of pseudolymphoma. 
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laboratory abnormalities and symptoms generally totally re- 
solve without recurrence after resection. 


Pseudolymphoma 


The identification of Pseudolymphoma is problematic since 
criteria for its diagnosis have undergone changes as new 
methods of histologic and immunologic characterization have 
been developed [19]. 

Clinically patients are generally asymptomatic, but in some 
instances they have indolent systemic symptoms such as 
fever or nonproductive cough, which abate after resection of 
the focus [20, 21]. In most instances, radiographic abnormal- 
ities are discovered incidentally. 

Radiographic findings are not diagnostic but do have sev- 
eral features. Lesions may be single (Fig. 3) or multiple (Fig. 
4A), and are usually discrete ranging in size from 2 to 5 cm 
[20-22]. Margins may be indistinct, and air bronchograms are 
frequently present because of adjacent interstitial involve- 
ment. A strong feature in favor of Pseudolymphoma over 
lymphoma is its lack of hilar adenopathy, atelectasis, and 
pleural involvement. 

The distinction between lymphoma and pseudolymphoma 
is often difficult. Saltzstein [23] suggested that pseudolym- 
phoma may represent an inflammatory reaction and charac- 
terized the histologic appearance as that of a polymorphous 
mixed-cellular infiltrate with mature lymphocytes; germinal 
centers are present, and lymph-node involvement is lacking. 
Difficulties in histologically distinguishing a malignant from a 
benign lesion sometimes precluded the diagnosis of pseudo- 
lymphoma, and the true nature could be ascertained only by 
observation of the subsequent behavior. Saltzstein [23] there- 
fore recommended that all pulmonary lymphoid lesions be 


Fig. 4.—Pseudolymphoma. A, Radi- 
ograph demonstrating multiple well-cir- 
cumscribed pulmonary nodules involving 
both lungs. No adenopathy. The patient 
went on to develop lymphoma. B, Micro- 
photograph illustrates normal lung tissue 
on left and pseudolymphoma on right. 
Germinal centers are present at periphery 
of lesion (arrow). Upper border is pleura. 
(40x) Preservation of germinal-center ar- 
chitecture and lack of pleural extension 
distinguish this from lymphoma. Inset is a 
higher-power view showing normal-ap- 
pearing small lymphocytes. (400x) 
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Fig. 5.—Lymphocytic interstitial pneu- 
monitis. A, Radiograph demonstrating 
generalized interstitial disease. Upper- 
lobe disease predominates in this case. 
B, Microphotagraph shows interstitial lo- 
cation of lymphocytes (/arge arrow). A 
few intraalveaiar macrophages are also 
present (small arrow). (400x) Infiltration 
specifically of interstitium is characteristic 
of this process. 


resected. It is apparent that lesions diagnosed as pseudolym- 
phoma may at times be lymphoma [20, 24]. On the basis of 
our experience, we agree with Colby and Carrington [25] that 
application of current criteria to previously described cases 
may reclassify some cases that were formerly considered to 
represent pseudolymphoma to be lymphoproliferative lesions, 
usually of the well-differentiated lymphocytic lymphoma type. 

Histologic features indicative of pseudolymphoma include 
(1) lack of hilar node involvement, (2) mature cell population, 
(3) polyclonal cell population, (4) reactive germinal centers, 
and (5) lack of pleural or bronchial-cartilage involvement [19, 
26, 27] (Fig. 4B). Developments in immunopathology [28] 
may provide a more sensitive discriminator between pseu- 
dolymphoma and lymphoma [24]. 

By immunoperoxidase techniques, immunoreactive kappa- 
or lambda-lg light chains can be identified in lymphocytes and 
plasma cells in tissue sections. If a lesion contains only cells 
with one light chain (either kappa or lambda), the lesions can 
be considered monoclonal. If both kappa and lambda chains 
are present, the lesion is polyclonal. However, in a polyclonal 
cell population, a monoclonal component cannot be excluded 
with this technique. Polyclonality is generally associated with 
benign lesions, and monoclonal infiltrates are a feature of 
malignant lymphoproliferative diseases [29]. 

Lymphoma has been reported to develop in pseudolym- 
phoma in 15% of cases [30], but in our experience the 
frequency was much higher, occurring in four of five cases. 

Therefore, although radiologic and pathologic features exist 
that may distinguish pseudolymphoma from malignant lym- 
phoma, our experience suggests that it is better to consider 
the entity a premalignant condition. 
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Lymphocytic Interstitial Pheumonitis 


Lymphocytic interstitial pneumonitis is a polyclonal prolif- 
eration of lymphoid cells with diffuse involvement of the 
pulmonary interstitium. Although histologically often confused 
with pseudolymphoma, there are other distinguishing fea- 
tures. 

Patients with lymphoid interstitial pneumonitis are generally 
symptomatic [31] and most often present with cough, dysp- 
nea, weight loss; fever, pneumonitis, chest pain, and fatigue 
are also seen. A restrictive pattern on pulmonary function 
tests and decreased diffusing capacity were observed in all 
13 patients described by Strimlan et al. [81]. Laboratory 
studies help to distinguish this entity from other lymphoid 
disorders by the frequent association of hypergammaglobuli- 
nemia [32]. Hypogammaglobulinemia has also been observed 
[32], and when associated with Sjogren’s syndrome, lymph- 
oid interstitial pneumonitis is particularly likely to degenerate 
into frank lymphoma [33]. 

The radiologic appearance of lymphoid interstitial pneumo- 
nitis is variable. The disease tends to be basilar with coarse 
interstitial markings associated with nodules or a fluffy basilar 
alveolar infiltrate [24, 31, 34] (Fig. 5A). Honeycombing and 
interstitial fibrosis may also be seen [31, 35]. In contrast to 
lymphomas, hilar or mediastinal adenopathy and pleural ef- 
fusions are rarely seen [21, 35], and the interstitial nodules 
tend to be much smaller (<0.3 cm) than those seen with 
lymphoma [35]. The histologic picture of lymphoic interstitial 
pneumonitis is one of diffuse lymphoid infiltration of the pul- 
monary interstitium [35], which therefore accentuates pleura, 
bronchovascular bundles, and interlobular septae [36] (Fig. 
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5B). Lymphoid follicles are seen, may cluster in certain areas, 
and can obliterate alveolar air spaces resulting in a pattern of 
bronchiolitis and consolidation. Immunofluorescent staining 
demonstrates kappa and lambda light chains confirming the 
polyclonal nature of the infiltrate [36]. 

Lymphoid interstitial pneumonitis is frequently associated 
with SjOgren’s syndrome [24, 31] and may in fact be the 
pulmonary analog to the salivary gland lesion [32]. Both 
disorders may be associated with other immunologic disor- 
ders as well as the subsequent development of lymphoma 
[33, 37-39]. 

In none of our patients, however, did lymphoma eventually 
occur. The similarity between histologic characteristics of 
lymphoid interstitial pneumonitis and other forms of benign 
lymphoid (i.e., allergic) hyperplasia suggests that chronic stim- 
ulation of the lymphoid system [32] may be present and 
ultimately trigger malignant transformation [38] in a single line 
of a polyclonal cellular proliferation [39]. Evidence for a cellular 
regulatory dysfunction exists in associated abnormalities of 
cell-mediated immunity [40]. 


Angioimmunoblastic Lymphadenopathy 


Angioimmunoblastic lymphadenopathy is a distinct clinical 
entity associated with a syndrome usually afflicting elderly 
patients and consisting of acute onset of fever, sweats, 
weight loss, pruritis, and generalized lymphadenopathy; find- 
ings that cause it to often be confused with malignant lym- 
phoma [41]. Hepatosplenomegaly and rash are also fre- 
quently present. Laboratory findings include hypergamma- 
globulinemia involving multiple immunoglobulin classes [42] 
and Coomb’s positive hemolytic anemia. 

Frizzera et al. [43] have described three clinical courses 
characterized by (1) long survival with minimal or no therapy, 
(2) long survival with intensive chemotherapy (steroids and 
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Fig. 6.—Ancoimmunoblastic lymph- 
adenopathy. A, chest radiograph show- 
ing bilateral hil@ adenopathy and sub- 
carinal adenopa hy. Interstitial lung dis- 
ease is also present. (Courtesy of Dr. 
Olga Adler, Rambam Hospital, Haifa, Is- 
rael.) B, Microphotograph from an in- 
volved periphere! lymph node illustrates 
effacement of nodal architecture with 
prominent vesse s (/arge arrow) and scat- 
tered immunoblasts (small arrows). 
(400x) 


cytotoxic agents), and (3) rapid deterioration regardless of 
intervention. Of two groups of patients who get the disease, 
those receiving antecedent drugs (mcst notably Dilantin 
[Parke-Davis, Morris Flains, NY], which is considered an 
antigenic stimulus) tend to have a more benign course than 
those patients in whom the disease arises de novo [44]. The 
most frequent cause cf death is infection [43], most often 
bronchopneumonia. 

Radiographic findings in angioimmunob astic lymphadenop- 
athy are variable [45]. Basilar lung involvement, interstitial 
prominence, and parenchymal infiltrates are frequent [45- 
47]. Alveolar air-space disease may mimic pneumonia or 
noncardiogenic pulmonary edema [46, 48]. Hilar, paratra- 
cheal, and mediastina adenopathy frequently occur, and 
pleural involvement wit) effusions has b2en noted [49] (Fig. 
6A). 

In Lukes and Tindle’s [41] original histopathologic descrip- 
tion, a triad of findings pathologically characterize the disease: 
(1) proliferation of arborizing small vessels, (2) prominent 
immunoblastic proliferations, and (3) amerphous eosinophilic 
interstitial material. The pulmonary and peural infiltrates con- 
tain the same cellular features seen in lynph nodes [35] (Fig. 
6B). Parenchymal involvement generally shows tracking of 
the polymorphous infiltrate along the lymphatic routes, and 
vascular invasion may occur [35]. Immur oblasts are the pre- 
dominant cells and may exist in multinucBated forms that are 
similar to Reed-Sternberg cells. The pa-hologic findings are 
not limited to the lung and may be difuse [43], involving 
multiple parenchymal organs and skin. 

The immunobiastic infiltrate is widespread in angioimmu- 
noblastic lymphadenopathy, and lymphcmatous transforma- 
tion, usually into immtnoblastic lymphona, occurs in 12 to 
35% of patients [50, 51]. Serial biopsies have documented 
the evolution of malignancy in angioimmtnobiastic lymphade- 
nopathy as one in which immunoblasts nitially begin to form 
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discrete clusters or islands of cells, resulting in monomorphic 
foci. The development of malignancy may be consistent with 
the “two hit” hypothesis in which a preneoplastic proliferation 
by an antigenic stimulus goes on to malignant transformation 
by an oncogenic event occurring within the hyperplastic cel- 
lular population [51]. In three of the cases reported by Lukes 
and Tindle [41], there was “evolution” of the monomorphous 
cellular proliferation of immunoblasts toward that which was 
described as immunoblastic lymphoma. 


Lymphomatoid Granulomatosis 


Lymphomatoid granulomatosis is a complex entity with a 
prognosis similar to aggressive lymphoma. Characteristic of 
the disease is its tendency to involve multiple organ sites [52, 
53]. Patients are generally quite symptomatic at the time of 
presentation. Most present with pulmonary and constitutional 
symptoms including fever, cough, malaise, weight loss, and 
shortness of breath. Neurologic involvement and symptoms 
are frequent, and, when present, herald a particularly poor 
prognosis [53]. 


Fig. 7.—Lymphomatoid granulomatosis. A, Radiograph demonstrates multiple pulmonary nodules. Cavitation can be 
seen on left. No pleural disease or adenopathy. B, Radiograph of same patient 8 weeks later. Marked progression in 
degree of parenchymal involvement. Bilateral cavitation can now be seen. C, Microphotograph shows vessel (/arge 
arrow) infiltrated by plasma cells and lymphocytes, some of which appear atypical (small arrow). (400) Atypical 
appearance of some lymphocytes favors diagnosis of lymphoma. 


Organ involvement tends almost uniformly to include the 
lungs, but also affects skin, abdominal viscera, eyes, central 
nervous system, kidney, and heart [52-54]. Despite the lym- 
phoproliferative nature of the lesion, lymph-node involvement 
is relatively uncommon antemortem. Laboratory findings are 
singularly nonspecific [53, 54]. Leukopenia is frequently as- 
sociated with development of lymphoma. 

Radiographically, multiple nodules or masses are present 
in the lung parenchyma usually with sparing of the apices 
(Fig. 7A). Involvement may be either unilateral or bilateral and 
involves interstitium and alveolar compartments. Hilar ade- 
nopathy was present in only three of 152 patients reported 
by Katzenstein et al. [53]. Cavitation is frequent and lesions 
often change rapidly (Fig. 7B). The disease course tends to 
be fulminant with a median survival of 14 months and a 
mortality of 65 to 90% [52-54]. Death is usually due to 
progressive pulmonary involvement, but extrapulmonary dis- 
ease and complications of therapy also contribute. 

The histologic features of lymphomatoid granulomatosis 
are distinct in their appearance from those of other nonlym- 
phomatous pulmonary disease, but overlap considerably with 
both pulmonary lymphomas [55] and angiodestructive gran- 
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ulomatoses [56] (Fig. 7C). Lesions of lymphomatoid granulo- 
matosis contain large proliferations of atypical lymphoid cells 
with plasmacytoid features (52, 56]. Arterial and venous 
perivascular and parenchymal invasion occurs and may prog- 
ress to necrosis and fibrosis. Mitoses are common. The 
infiltrate is intensely cellular and tends to follow vascular 
routes. 

Diagnosis of lymphomatoid granulomatosis is difficult for 
several reasons. Angioinvasion, cellular atypia, mitotic figures, 
and variability in the nature of the infiltrate from area to area 
make it difficult to distinguish this entity from malignant lym- 
phoma. Antemortem biopsy specimens diagnosed as lym- 
phomatoid granulomatosis on the basis of polymorphic infil- 
trates may demonstrate monomorphic sheets of atypical lym- 
phocytes on autopsy sectioning, implying that the lymphoma 
may have been present all along. Monomorphic cellular pop- 
ulations and perilymphatic and lymph-node involvement tend 
to favor a diagnosis of lymphoma. Histology may be similar 
in lymphomatoid granulomatosis and necrotizing vasculitis. 
The degree of cellular atypia as well as certain clinical features 
distinguish the two entities [53]. 

According to several series, the progression of lymphoma- 
toid granulomatosis to malignant lymphoma may occur in 13 
to 50% of patients [52-54]. Because of its behavior, and 
because of changing concepts in hematopathology, we be- 
lieve, as others do, that lymphomatoid granulomatosis is a 
primary pulmonary lymphoma [36] that should be diagnosed 
as such and treated aggressively. 


Summary 


The spectrum of nonlymphomatous lymphoid diseases of 
the lung includes variable clinical, radiographic, and histologic 
patterns. Considerable overlap may exist between lymphoma 
and the conditions discussed. The radiologist may suggest 
the diagnosis but even with histopathologic examination, 
confident categorization may not be possible. 

The nonlymphomatous lymphoid reactions may involve the 
lung in a variety of ways. Nodules, diffuse interstitial disease, 
patchy nodular disease, lymphadenopathy, and pleural 
masses and effusions are all possible presentations. Unfor- 
tunately for the radiologist and the clinician, lymphoma can 
involve the lung in exactly the same ways [57, 58], so that 
differentiation cannot always be made on the basis of radio- 
logic findings. 

There was nothing absolutely predictive radiographically in 
our patients who went on to develop malignant lymphoma. 
Lymphoma developed in our patients with pseudolymphoma, 
lymphomatoid granulomatosis and  angioimmunoblastic 
lymphadenopathy, and it occurred in patients with single as 
well as with multiple lesions. In two patients with cavitation 
and lymphomatoid granulomatosis, both also develoed lym- 
phoma. In a similar fashion it may be very difficult for the 
pathologist to distinguish a nonlymphomatous reaction from 
true lymphoma. In our cases of lymphomatoid granulomato- 
sis, reclassification of patients to non-Hodgkin’s lymphoma 
reflects more current concepts regarding the underlying ma- 
lignant nature of the disease. Adequate tissue for diagnosis 
is imperative and 19 of our 22 patients ultimately required 
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open-lung biopsy for satisfactory sampling. 

It is difficult to reconcile “benign” lymphoid reactions with 
their sometimes malignant or premalignant nature. Histologic 
transformation clearly can occur, with malignant cells arising 
in areas of previously identified nonmalignant polyclonal pro- 
liferations. The benign lymphoid reactions have been postu- 
lated to represent reactive phenomenon of lymphoid hyper- 
plasia to chronic antigenic stimulation as a fundamental re- 
sponse in the lung [21, 36]. Subsequent behavior often belies 
this. As our understanding of these lesions increases and 
new diagnostic techniques become available, we may be 
better able to distinguish benign, reactive processes from 
malignant clonal neoplasms. The occurrence of certain entities 
with autoimmune phenomenon also associated with lym- 
phoma, overlapping histologic and radiographic features, and 
future behavior may better lead one to consider certain enti- 
ties as premalignant at least from an operational standpoint. 
This is complicated by the fact that “the concept of evolution 
of a malignant lymphoma . . . has not been validated because 
there are no pathologic criteria to determine at what point the 
disease becomes lymphoma’ [19]. From a practical point of 
view therefore, management depends upon multiple factors. 
Localized lesions should be resected. Diffuse pulmonary in- 
volvement with local disease is treated in accordance with 
histopathology and Clinical behavior. Therapy for the gener- 
alized benign processes has not been shown to be effective. 
Sequential radiographs to follow the course of “benign” dis- 
ease are recommended, and changes in the appearance 
should suggest superimposition of a more aggressive proc- 
ess. 
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Imaging of Orthopedic Trauma and Surgery. By Thomas H. Berquist and the Mayo Clinic. Philadelphia: Saunders, 
816 pp., 1985. $125 


This is a single volume, multlauthored text with all contributors, 
except one, from the Mayo Clinic. The departments of Radiology and 
Orthopedic Surgery are almost equally represented, underscoring the 
editor's desire to produce an informative text of practical radi- 
ographic/orthopedic value. 

The first chapter, intended for orthopedic surgeons, reviews im- 
aging techniques (50 pages with references) and includes routine 
radiography, tomography, magnification and xerography, scintigra- 
phy, quantitation of bone mineral, CT, and MRI. Screen/fim combi- 
nations and technique charts are provided and the text then proceeds 
to a review of tomography, magnification radiography, and xerora- 
diography. There are imbalances and Inconsistencies in this chapter. 
For instance, quantitation of bone mineral occupies almost eight 
pages and 40 references, while CT has barely four pages and 19 
references. While acknowledging ultrasound's limited rote in trauma, 
there is a discussion of Its role In orthopedics with special emphasis 
of its value in diagnosing an assortment of pathologic conditions in 
the poptiteal fossa. On the other hand, the role of CT Is only discussed 
In the context of trauma and little etse. This unevenness in content 
could well mislead the uninitiated and unwary. 

The next 880 pges (12 chapters) are a pleasure to learn from, 
glance at, or review. The second chapter Is entirely devoted to 
fracture healing. The remaining chapters discuss anatomy, mecha- 
nisms of injury, diagnosis, methods of investigation, and essentials 
of management germane to trauma of the axial and appendicular 
skeleton. The Hustrations are excellent and weil chosen, the writing 
Is succinct, and the information is considerable. The references at 


the end of each chapter are af Immense value. In appropriate places, 
arthrography is discussed but beyond its role in trauma, whereas 
double contrast CT shoulder arthrography ls given rather cursory 
treatment. The final three chapters are an Imaging approach to 
musculo-skéletal Infections, stress fractures, and interventional or- 
thopedic radiology. | believe that the inclusion of the chapter on 
infections and interventional orthopedic radiology is inappropriate In 
a volume that is primarily addressing trauma. More appropriately, the 
chapter on musculo-skelstal infections should be iimited to post- 
traumatic and post-surgical complications, rather than including a 
discussion of heroin addicts, diabetics, and infections in general. 
Aithough these were probably included to illustrate the value of 
different imaging techniques, the result is a text that falls short In 
evaluating imaging techniques for other orthopedic problems, such 
as muscolo-skeleta!l tumors. 

Despite these criticisms, this is a good book for those interested 
in a well bound, single-volume, welHBustrated and referenced work 
on the subject of trauma. The objective of emphasizing techniques 
best sulted to making diagncses and influencing management has, 
for the most, been realized. | would recommend this book most 
warmly to residents in radiology and orthopedic surgery and to 
radiologists who want a singie volume, reasonably priced text that 
has everyday relevance in the diagnosis and management of trauma. 


Murali Sundaram 
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MRI of the Normal 
Pericardium 





The visibility and thickness of the pericardium, as depicted by MRI, and the changes 
of these parameters over the cardiac cycle were determined in 18 normal subjects. 
Gated, cycled, multisection images were obtained in the transaxial orientation. Using a 
score-point system for quantification, there was better visualization of the low-intensity 
pericardial line during systole as compared with diastole (p < 0.005). Pericardial 
thickness was 1.2 + 0.5 mm in diastole and 1.7 + 0.5 mm in systole (p < 0.001) as 
measured in a midventricular section in front of the right ventricle; both values exceeded 
the thickness of 0.4 to 1.0 mm reported for anatomic measurements of pericardial 
thickness. The layer of normal pericardial fluid present in the pericardial space should 
also have low intensity, and it likely contributes to the overall pericardial thickness as 
visualized by MRI. Since MRI is sensitive to the small amount of normal pericardial fluid 
and depicts its anatomic distribution, it should be valuable in detection and quantification 
of even small pericardial effusions. 


Pericardial disease has traditionally been defined by echocardiography and 
angiocardiography. Some pericardial diseases remain equivocal by these tech- 
niques owing to our inability to directly image the pericardium itself. The first 
technique used to depict the pericardium was CT. More recently, MRI has also 
demonstrated the pericardium [1-3]. The first report on MRI of the pericardium 
indicated that the pericardium is represented by a dark line between the substernal 
and epicardial fat layers that is uniformly visible over the right anterior aspect of 
the heart on transverse images. This low-intensity line was attributed to the 
pericardium itself and possibly to some normal pericardial fluid. 

The early MRI studies used a multislice ECG-gating technique with which 
adjacent levels were acquired at different phases of the cardiac cycle, leading to 
some uncertainty about the actual pericardial thickness in relation to the phase of 
the cardiac cycle. In this regard the CT scans of the pericardium are images 
acquired over several cardiac cycles. Consequently, the actual thickness of the 
pericardium on these studies is uncertain and may be Significantly influenced by 
dimensional alterations occurring during the cardiac cycle. In this regard the 
reported minimal thickness of the pericardium on CT scans [4] is more than twice 
the dimension measured at gross pathologic examination [5]. The CT studies have 
also indicated considerable regional variations in pericardial thickness [4, 6]. 

MRI of the heart uses ECG gating and acquires images during fixed segments 
of the cardiac cycle [7]. Consequently, pericardial thickness can be defined at 
specific phases of the cardiac cycle. The purposes of the current Study were (1) to 
determine the optimal phase of the cardiac cycle for visualizing the pericardium; (2) 
to identify the optimal transverse level of the heart for visualizing the pericardium: 
and (3) to establish the dimensions of the pericardium at various phases of the 
Cardiac cycle and at various anatomic levels. 
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Methods 


Patients 


Nine normal volunteers and nine patients ranging in age from 26 
to 86 years (mean age, 38 years) without indication of acute or 
previous pericardial disease had ECG-gated, dual spin-echo, cycled, 
multisection imaging. The images of these subjects were examined 
for pericardial visualization at various phases of the cardiac cycle, 
and the pericardium was measured at various phases of the cardiac 
cycle. 


Imager and Imaging Techniques 


MR examinations used a superconducting magnet operating at 
0.35 T, as described previously [8]. The matrix was 256 x 256 and 
the pixel size was 1.7 xX 1.7 mm. Two acquisitions were averaged. 
Five contiguous sections with 10-mm slice thickness were acquired 
simultaneously. In ECG-gated MR studies, the pulse repetition rate 
(TR) is determined by the individual heart rate; it ranged in this study 
from 750 to 1250 msec. First (30 msec) and second (60 msec) echo 
images were generated at five transverse levels during each imaging 
sequence. 

The pulse cycle started 5 msec after the peak of R-wave in the 
ECG (end-diastole) for the most cranial level of an imaged volume, 
while the pulse sequences for the images at each of the four subse- 
quent levels were initiated at 105, 205, 305, and 405 msec after end- 
diastole, respectively. Subsequently, four additional multigated stud- 
ies were performed that differed from each other and from the first 
study by permutating the arrangement of the anatomic levels with 
respect to the time during the cardiac cycle when they were imaged. 
Thus, if the order was section 1-2-3-4-5 (from cranial to caudal), then 
in the second study the order would be 2-3-4-5-1, resulting in an 
additional image of the most cranial section 1 at the time of end- 
diastole plus 405 msec. At the end of the gated permutation se- 
quence, 10 images of each anatomic section (five first echo and five 
second echo) at five different points of the cardiac cycle had been 
acquired [9]. Total imaging time in a subject with a heart rate of 60 
beats/min was approximately 45 min (TR X Naverages X Nopnase encoding 
steps X Neycies/60 = (1 X 2 x 256 x 5)/60 = 43 min). 
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Fig. 1.—A, Coronal image of heart (TE 
= 30 msec). Normal pericardium is 
marked by arrows. B, Sagittal image of 
heart (TE = 30 msec). Normal pericardium 
is best seen in front of right ventricle and 
between base of right ventricle and dia- 
phragm (arrows). 
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Image Analysis 


Although the pericardium can be demonstrated on sagittal and 
coronal images (Fig. 1), these images were only acquired in four 
patients and were not used for quantitative evaluation of the pericar- 
dial dimensions. 

In order to facilitate some quantitative measurement of the length 
of visible pericardium, five regions were defined along the outer 
cardiac border of transverse MR images (Fig. 2) as follows: region 1 
along the right atrial contour to the level of the atrioventricular groove; 
region 2 extending from the atrioventricular groove along the right 
ventricular outline to the posterior surface of the sternum; region 3 
from the posterior sternum along the right ventricular outline to its 
intersection with the right ventricular border of the interventricular 
septum; region 4 representing the apex; and region 5 extending along 
the left ventricle to the descending aorta. 

A point-score system measuring the overall visibility of the pericar- 
dium was used: distinct visibility of the pericardium between the 
surrounding structures scored 2, faint visibility scored 1, and no 
visibility received no point. Added over the five possible regions, a 
minimum score of 0 and maximum score of 10 points could be 
achieved. Because of a more favorable signal-to-noise ratio, this 
score was determined on first-echo images. Three different sections 
were inspected: section 1 showed all four chambers; section 2 
showed the right atrium (RA), left ventricle (LV), and right ventricle 
(RV); and section 3 showed the inferior vena cava, LV, and RV. 

In addition, to establish variations of pericardial thickness over the 
cardiac cycle, the width of the low-intensity pericardial line was 
measured over the RV on section 2 at different phases of the cardiac 
cycle, using a standard grid to compensate for variable magnifica- 
tions. Regions on the RV were chosen because only at that site was 
the pericardium seen during all five phases of the cardiac cycle. If no 
pericardium was visible at one part of the cardiac cycle, which was 
the case in six of 90 measurements (corresponding to six of 18 
patients), we assumed a normal width of 0.8 mm at that phase. We 
also compared the width of the pericardium on first- and second- 
echo images. 


Estimation of Thickness of Pericardial Space 


In order to estimate the thickness of the layer of pericardial fluid 
sandwiched between the parietal pericardium and the surface of the 
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Fig. 2.—Transaxial section through 
heart (TE = 30 msec). Normal pericardium 
is visible as thin line surrounding heart. 
For quantitative measurement of lengths 
of visible pericardium, five regions were 
defined along outer cardiac border, as 
indicated. 


Fig. 3.—Determination of thickness of 
normal pericardial fluid layer. a = thick- 
ness of fluid layer; dı = maximal heart 
diameter; də = diameter of heart plus fluid 
layer. 


heart, we used the volume of a sphere as an approximation for the 
complex geometry of the heart. The difference between the volume 
of the heart surrounded by pericardial fluid and the volume of the 
heart alone is equal to the amount of pericardial fluid, which has been 
shown to be between 0 and 60 ml in normals [10]. We assumed an 
average amount of 20 ml of pericardial fluid [11] and determined the 
thickness of pericardial fluid layer that could be expected in normal 
subjects (Fig. 3) using the following formula: 


x/6 d? 


V sphere 
Və — V, = 20 ml 
1/6 (d2 — d°,) = 20 ml 
d,/2 = V3/4x[20 + =/6 (ds")| 
a = d2/2 — d,/2 


with V = volume, V, = volume of the heart, V2 = volume of the heart 
plus volume of the fluid layer, dı = maximal diameter of the heart, d2 
= diameter of the heart plus fluid layer, a = thickness of fluid layer. 
This formula implies that the dimension of the fluid layer increases 
with decreasing diameter of the inner sphere, the heart. Thus, in 
order not to-overestimate the thickness of the fluid layer, the maximal 
external diameter of the heart on the MR images was chosen. It was 
measured on sections that showed the largest left ventricular diastolic 
diameter. 


Statistics 


Statistical comparison of pericardial visibility score and pericardial 
thickness between different anatomic sections and different phases 
of the cardiac cycle was done using the paired Student's t test. 


Results 


The pericardial line was identified as a curvilinear line of low 
signal intensity between the high-intensity pericardial fat and 
the medium-intensity myocardium or high-intensity epicardial 
fat. However, in some instances this line appeared of medium 
intensity although still visible between two high-intensity fat 
layers. Some part of the pericardial line was visualized in all 
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TABLE 1: Sensitivity of MRI in Demonstrating the Pericardium 
at Various Regions of the Heart (N = 18 Subjects) 


po 


No. of Patients 





Region with Visualized Sensitivity” 
Pericardium (%) 
1 Right atrium 14 77.8 
2 Right ventricle—right of 
sternum 18 100.0 
3 Right ventricle—left of 
sternum 18 100.0 
4 Left ventricle—apex 15 83.3 
5 Left ventricle—lateral wall 11 61.1 





Note.—N = number. 
number of patients with visualized pericardium 


a Sensitivity = 
total number of patients 


subjects, although it was not seen with equal frequency in 
each of the five regions (Table 1). 

There was also great variability between subjects in the 
length of visible pericardium as measured by the score sys- 
tem. The visibility of the pericardial line improved with an 
increase in the amount of epicardial and pericardial fat shown 
by the subjects (Fig. 4). Because there is less fat behind the 
posterior and lateral walls of the LV and over the RA, the 
pericardium could usually only be demonstrated in these 
regions for a distance of several millimeters and was not 
easily distinguished from the surrounding low-intensity lung 
tissue. It was more sharply distinguished from surrounding 
structures on first-echo images than on second-echo images. 

The length of visible pericardial line differed among the 
three sections compared. Both sections 2 and 3 showed 
more pericardium than section 1 (p < 0.01). Section 3, 
covering the inferior aspects of RV and LV, showed the low- 
intensity line most consistently (Table 2). Six of the 17 sub- 
jects with section-3 images showed focal thickening of the 
low-intensity rim surrounding the ventricles in systole (Fig. 5). 
This was never seen on sections 1 and 2. The visibility of the 
pericardial line was also dependent on the phase of the 
cardiac cycle. The average visibility score at end-diastole in 
section 2 was 2.2 + 2.1 (range, 0-6 mm) and 4.2 + 2.0 


242 SECHTEM ET AL. 





(range, 0-8 mm) in images acquired at 205 msec into systole 
(p < 0.005) (Fig. 6). 

Section 2 (range, 0.8-2.8 mm) showed less variation in 
systolic pericardial thickness than section 3 (range, 0.8-6.7 
mm). Normal values of pericardial thickness were therefore 
measured only in section 2. Only regions 2 and 3 (RV) 
consistently showed the pericardial line over all five phases 
of the cardiac cycle. Pericardial thickness was 1.2 + 0.5 mm 
(range, 0.8-2.1 mm) in diastole and 1.7 + 0.5 mm (range, 
0.8-2.8 mm) at 205 msec into systole (p < 0.001). 

The thickness of the pericardial line varied from first to 
second echo. In 10 cases the pericardial line was slightly 
thicker on the second echo; however, the group mean value 
on the first echo (2.1 + 0.5 mm) was not significantly different 
from the mean value (2.5 + 0.6 mm) on the second echo. 
There was no change in thickness in four subjects, and four 
subjects showed no distinct pericardial line on the second- 
echo images although the line was clearly seen on first-echo 
images. 
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Fig. 4.—Transaxial section through heart 
(TE = 30 msec). Pericardium is barely visible 
(arrow) in subjects with little epicardial and per- 
icardial fat. Compare good visibility of pericar- 
dium over almost entire cardiac circumference 
in subject with abundant structural fat (Fig. 2). 


Fig. 5.—Transaxial section through heart 
(TE = 30 msec) at level of section 3 displaying 
IVC, RV, and LV. Thickness of pericardial space 
is increased to more than 4 mm in a normal 
volunteer. Pericardium in higher sections meas- 
ured only 2 mm. 


Fig. 6.—Transaxial sections through heart (TE = 30 msec) in a rotating gated study. Top: diastolic 
image shows pericardium only over apex of left ventricle. Resulting visibility score was: 1 region x 2 
points for distinct visibility = 2 points. Bottom: in systole, normal pericardium is visible over right atrium, 
right ventricle both on right and left side of sternum, and apex of left ventricle. Resulting visibility score 
was: 1 region (RA) x 1 point for faint visibility + S regions x 2 points for distinct visibility = 7 points. 


The mean maximal external diameter of the hearts was 106 
+ 10 mm (range, 85-122 mm). The calculated width of 20 ml 
of pericardial fluid among hearts with this range of external 
diameters ranged from 0.4 to 1.3 mm, depending on the size 
of the heart (Table 3). These calculations are consistent with 
the notion that normal adherent pericardial fluid could partly 
contribute to the low-intensity pericardial line. 


Discussion 


The pericardium has two distinct anatomic components: 
the parietal pericardium encloses the heart and consists of a 
flask-shaped fibrous bag with one layer of mesothelial cells 
on its inner surface; the visceral pericardium is continuous 
with the inner lining of the parietal pericardium in regions of 
attachment of the great vessels to the heart and forms the 
external surface of the heart. The two parts of the pericardium 
form a space, the pericardial cavity, that normally contains up 
to 60 ml of serous fluid [5, 10, 11]. The fibrous parietal 
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TABLE 2: Visibility of the Pericardium Depending on Level of Transaxial Section and Phase of 
the Cardiac Cycle as Measured by a Point-Score System 





Time After R-Wave Peak in ECG (msec) 


Section 5 205 305 405 
End- Mid- Late Late systole/ 
diastole systole systole systole early diastole 
1 (4-chamber) (N = 16) 17+1.2 29+20 3.4+1.1(d) 13411 141.2 
2 (RA, RV, LV) (N = 18) 2.2+2.1(ns) 3.6+1.6 42+4+20(c,e) 3.0+1.8 2441.5 
3 (IVC, RV, LV) (N = 17) 3641.7(f) 52+24 45+1.9(b,e) 35416 3141.5 


Note.—Point score = number of regions with visible pericardium x visibility score (minimum 0, maximum 10); see text. 
b, c, and d refer to significance of difference as compared with diastolic value in the same section. b: p < 0.05; c: p < 0.005; and d: 


p < 0.002. 


e and f refer to significance of difference as compared with values in section 1 at the same cardiac phase. e: p < 0.01 and f: p < 


0.005; ns: not significant. 


N = number of patients with images covering that section; RA = right atrium; RV = right ventricle; LV = left ventricle; IVC = inferior 


vena cava. 


TABLE 3: Thickness of an Evenly Distributed Pericardial Fluid 
Layer of 20 ml 


ee a E 


Maximal Heart Thickness of 
Diameter Fluid Layer 
(mm) (mm) 
120 0.4 
110 0.5 
100 0.6 
90 0.8 
80 TO 
70 Ls 





pericardium is attached anteriorly to the sternum by the 
pericardial sternal ligaments and inferiorly to the central ten- 
don of the diaphragm [12]. 

As the visceral pericardium represents a monolayer of 
mesothelial cells in normal subjects, only the parietal fibrous 
part of the normal pericardium is sufficiently thick to be 
potentially visualized by MRI. Fibrous tissue has low intensity 
on MR images [13] due to long longitudinal relaxation time 
(T1), short transverse relaxation time (T2) [14, 15], and low 
spin density [16]. Accordingly, the fibrous pericardial sac 
should appear dark on both T1- and T2-weighted images. 

The average pericardial width as measured on MR images 
was 1.9 + 0.6 mm in systole. This is in accordance with CT 
measurements [4, 6]. However, in anatomic studies the pari- 
etal pericardium has been found to be only 0.4 to 1 mm in 
width [5, 17]. In order to explain this discrepancy, we calcu- 
lated the width of an average amount (20 ml) of pericardial 
fluid, applying a spherical approximation of the complex shape 
of the heart and assuming homogenous distribution of the 
fluid over the heart’s surface. The width of the concomitant 
layer of pericardial fluid was found to be less than the thick- 
ness of the parietal pericardium but produced a dimension 
that could contribute to at least half of the thickness of the 
pericardial line. On the other hand, the fluid need not neces- 
sarily be equally distributed around the heart. This would 
suggest that the thickness of pericardial fluid could be zero 
in some regions and more than the calculated amount in 
others. Of course, the amount of fluid can be less or more 
than 20 ml among normal subjects, leading to different thick- 
nesses of the fluid layer. 


How would serous fluid like the pericardial fluid [18] appear 
on MR images? The motion of the heart causes nonlaminar 
motion of the fluid confined in the pericardial sac. The pres- 
ence of anonlaminar flow suggests that there are components 
of accelerated flow and multiple-flow vectors within the im- 
aged plane leading to signal loss on first- and second-echo 
images because of effects caused by changes in the spin 
phase. [19]. Thus, pericardial fluid can be expected to have 
very low intensity on MR images. Moreover, it seems likely 
that the observed thickness of the curvilinear low-intensity 
line around the heart is the result of the addition of effects of 
the MR imaging properties of fibrous tissue and nonlaminar 
motion of serous fluid. Further support for this model is 
provided by recent animal experiments [20]. 

The pericardium was better visualized during systole in 15 
of our 18 subjects as measured by the point-score system. 
In addition, pericardial thickness increased significantly during 
systole. However, the mean change was smaller than the 
pixel size. Because measurements were made on interpolated 
images, visual discrimination of gray-scale differences can 
discern points less than one pixel size apart. Thus, pericardial 
thickness did not always correspond to the pixel size or 
multiples thereof. Consequently, it was possible to measure 
a mean change in pericardial thickness of less than a pixel 
size between diastole and systole. 

M-mode echocardiography frequently demonstrates a small 
posterior echo-free space, present only in systole, in patients 
with normal pericardial anatomy and function [21]. The con- 
trast provided by the epicardial and pericardial fat delineates 
the pericardium better anterior to the RV or MR images, while 
the pericardial region located inferoposterior to the LV (visu- 
alized by M-mode echocardiography) is less often visible 
because of low-intensity lung being adjacent rather than fat. 
Improved systolic delineation of the pericardium on MR im- 
ages in front of the RV is probably due to the inability of the 
parietal pericardium to move as much as the visceral pericar- 
dium during cardiac ejection, which is caused by its anchorage 
to the sternum anteriorly. This difference in movement would 
maximize the pericardial space in systole. A similar mechan- 
ism was proposed for the findings on M-mode echocardiog- 
raphy [21]. A systolic increase in fluid anterior to the heart 
was also found in patients with pericardial effusion on serial 
angiocardiographic studies [22]. 
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Pericardial visibility was better on more caudal sections of 
the heart. Thickness of the pericardial line was considerably 
increased on these sections and measured up to 7 mm. This 
has also been appreciated on ‘CT imaging [6]. Three possible 
reasons for this finding are (1) the pericardium tends to be 
thicker in this region because of its insertions to the dia- 
phragm; (2) as the inferior wall of the heart and the covering 
pericardium are almost parallel to the axial sections used, 
tangential sectioning could contribute to the increased thick- 
ness; and (3) the normal pericardial fluid gathers preferentially 
in this region [23]. Because of the variations in pericardial 
thickness depending on the plane of section, we recommend 
measuring pericardial thickness on sections at an anatomic 
level that displays the RA, RV, and LV. 

The number of nondiagnostic images due to poor Image 
quality was higher on second-echo than on first-echo images 
[24]. As the pericardial line was often blurred on second-echo 
images, only first-echo Images were used to establish normal 
pericardial thickness. This is important, because in the major- 
ity of those cases where the line is visible on both first- and 
second-echo Images, pericardial thickness was Increased on 
the second-echo image. It is likely that a longer spin-echo 
time (TE) results in a more complete decay of the transverse 
magnetization with Increasing time delay [24] and thus re- 
duced signal intensity in volume-averaged pixels. 

MRI clearly depicted the pericardial layer in all normal 
subjects. Our results indicate that the observed difference 
between normal values for pericardial thickness in anatomic 
Studies on the one hand and MRI measurements on the other 
hand is caused by the similar appearance of the fibrous 
pericardium and the adjacent layer of pericardial fluid on MR 
images. MRI, being a cross-sectional technique that is highly 
sensitive to even the small amount of pericardial fluid present 
in normal subjects, should be a valuable tool In the evaluation 
of small pericardial effusions. The detection of loculations and 
the quantification of fluid are promising possibilites. However, 
the distinction between thickening of the pericardium and an 
increase in the amount of pericardial fluid will probably be 
difficult unless disease-related changes in relaxation times 
provide additional contrast. 
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MRI of the Abnormal 
Pericardium 





To evaluate the use of MRI in the diagnosis of pericardial disease, 63 patients with 
pericardial abnormalities or clinically suspected pericardial disease were studied retro- 
spectively. Twenty-three patients had pericardial effusion, 19 patients had pericardial 
thickening, and 11 patients were referred for evaluation of masses with possible 
pericardial involvement. The other 10 patients were referred for differentiation of con- 
strictive pericarditis from restrictive cardiomyopathy and eventually were found to have 
pericardial hematoma or normal pericardium as assessed by MRI. The calculated size 
of pericardial effusion by MRI showed a good correlation with semiquantitative echo- 
cardiographic estimations. MRI could demonstrate fibrinous adhesions in patients with 
uremic pericarditis. It was also of great value in the differentia! diagnosis of constrictive 
pericarditis vs restrictive cardiomyopathy. Pericardial thickness of more than 4 mm was 
found in patients with constrictive pericarditis. Normal pericardial thickness was dem- 
onstrated by MRI in the three patients with restrictive cardiomyopathy. MRI diagnosed 
hemopericardium correctly as the cause of constrictive symptoms in two patients. 
Pericardial thickening in patients after cardiac surgery was commonly found by MRI and 
usually was not associated with clinical signs of constrictive pericarditis. MRI proved to 
be useful in the diagnosis of pericardial cysts and in the evaluation of paracardiac 
masses with possible pericardial involvement. MRI is an important technique in the 
evaluation of the pericardium. It can provide important additional information when 
diagnosis cannot be made adequately by other noninvasive imaging techniques. 


The noninvasive diagnosis of pericardial disease has remained the domain of 
echocardiography for the last 20 years [1-3]. Certain shortcomings limit the 
usefulness of echocardiography in a substantial number of patients: Diagnostic 
quality of the studies cannot be achieved in all patients, the anterior portion of the 
pericardium is often difficult to visualize because of focusing problems in the near 
field of the sonographic beam, the diagnosis of pericardial constriction is notoriously 
problematic [4, 5], and the method is not helpful in the evaluation of paracardiac 
masses and their relation to the pericardium. 

More recently, CT has offered additional information in the evaluation of pericar- 
dial effusions [6] and constrictive pericarditis [7, 8]. MRI is a technique that 
combines the advantages of excellent delineation of intracardiac and pericardial 
structures with the potential for demonstrating additional tissue characteristics 
[9]. ECG gating and the use of the permutation-gated technique [10] allow the 
visualization of variations in the appearance and thickness of the normal pericardial 
structures during the cardiac cycle [11]. Initial reports described the potential use 
of MRI in the evaluation of various pericardial abnormaities, such as effusions 
[12], constrictive pericarditis [13], paracardiac masses [14]. and congenital absence 
of the pericardium [15]. These reports included only a limited number of cases, 
however. The purpose of the present study was to define the capabilities and 
difficulties of MRI in the diagnosis of pericardial disease in a large series of patients. 
Whenever possible, MRI findings were compared with the findings of echocardiog- 
raphy, CT, and surgery or pathology. 
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Methods 
Patient Population 


Sixty-four patients (age range, 13-98 years) had a diagnosis of 
pericardial disease on the basis of gated MRI examinations of the 
heart performed between February 1983 and July 1985. Of these, 
nine patients were excluded from the study because of Inadequate 
correlative Information. Eight patients without MR abnormalities but 
suspected cilnically of having pericardial disease were also included. 

Forty-five patients were referred for further evaluation of pericardial 
abnormalities that had previously been suspected or were clearly 
detected by means of echocardiography, CT, or cardiac catheteriza- 
tion. The other 18 patients had MRI examinations for the evaluation 
of cardiac diseases, such as myocardial infarcts, cardlomyopathies, 
and congenital heart disease, and for assessment of coronary bypass 
grafts, at which pericardial abnormalities were Incidentally found to 
be present. Sixteen patients had had previous heart surgery, five of 
whom had clinically questionable postoperative pericardial constric- 
tion. Twenty cases were proved by biopsy, surgery, or postmortem 
examination. The other 43 cases were confirmed on the basis of the 
Clinical findings, cardiac catheterization, or the results of at least one 
other imaging technique. Special attention was directed to 18 of the 
63 patients who were referred for differentiation between constrictive 


pericarditis and restrictive cardiomyopathy. 


Image Acquisition 


All studies were performed with a Diasonics MTS imaging system 
with a 0.5-T magnet operating at 0.35 T. The spin-echo (SE) imaging 
technique with ECG gating was used as described previously [16, 
17]. Echo delay times (TE) were 30 and 60 msec for the first and 
second SE images, respectively. The repetition times (TR) were 
determined by the R-R interval of the ECG and ranged from 700 to 
1100 msec. Gating was performed to every heartbeat. Multislice 
Image acquisition was used to generate Images having a spatial 
resolution of 1.7 x 1.7 mm? and section thickness of 7 mm with an 
intersection gap of 3 mm (12 cases) or section thickness of 10 mm 
without gap (51 cases). 

Images In the transaxlal plane were obtained routinely. Additionally, 
Sagittal (seven patients) and coronai (four patients) images were 
acquired whenever necessary to further characterize the particular 
pericardial abnormality. Fifty-two patients had dual SE images; the 
remaining 11 patients had single SE sequences. 

The permutation-gated imaging technique [10] was used in eight 
patients. This technique generates five first and second SE images 
at 100-msec segments of the cardiac cycle. Repeating the first 
muttisiice imaging sequence four additional times and permutating 
the temporal sequence in which the levels are acquired causes the 
entire study to eventually contain two SE images at each of five 
different levels and at five different phases of the cardiac cycle spaced 
in time by 100 msec. Alternatively, with a single SE permutation- 
gated sequence, 10 slices 10 mm apart can be acquired. 


Image Analysis 

The images of each patient were examined to define pericardial 
thickness, signal intensity of the pericardium, presence of pericardial 
effusion and its signa! intensity, and other abnormalities. The amount 
of pericardial fluid was then calculated by drawing regions of interest 
around the areas of pericardial effusion on each slice and multiplying 
the resulting number of pixels by their respective areas and the sice 
thickness. The results were compared with standard semiquantitative 
[18] echocardiographic estimations of the amount of pericardial fluid. 
According to this echocardlographic grading system, small effusions 
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TABLE 1: Undertying Disorders and MRI Characteristics of 
Pericardial Effusions 
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Clinical Diagnosis No. Adhesions 
Congestive heart failure 10 9 1 1 0 
Uremia 5 2 3 2 2 
Myocardial infarction 2 2 0 0 0 
Radiation therapy 2 2 0 0 0 
Previous resuscitation 1 0 1 0 0 
Lupus erythematosus 1 1 0 1 0 

1 1 0 0 1 
k#iopathic pericarditis 1 1 0 0 0 
"S| = MA signal intensity 


were of less than 100 ml fhud; moderate ones were between 100 
and 500 mi; and large ones consisted of more than 500 ml. 

In normal subjects the maximum pericardial thickness observed 
was 2.6 mm [11]. Previously published CT measurements of the 
normal pericardium f7, 19] have used an upper imit of 4.0 mm for 
normal pericardial thickness. Consequently, for the present evalua- 
tion, a pericardial thickness of more than 4 mm was conskiered to 
be definitely abnormal, leaving a discrimination nargin of 1.4 mm. 
The shape and size of the heart chambers and tte sizes of the vena 
cava and hepatic veins were also noted. The sicnal intensity of the 
pericardium or pericardial effusions was defined qualitatively as being 
low when it was less than that of normal myocardum, medium when 
it was approximately equal to that of the myocarduum, and high when 
it was greater than that of the myocardium. 


Results 
Pericardial Effusion 

Pericardial effusion was detected in 23 patients. Table 1 
shows the underlying disorders and MR findings. All pericar- 
dial effusions showed low signal intensity or first SE images. 
Five patients had effusions that had mediusn-signal-intensity 
components; these regions showed increase in signal inten- 
sity from the first to the second spin-echo in three of these 
patients. Effusions due to congestive heart failure showed 
low signal intensity In nine of 10 cases (Fig 1). Three of the 
five patients with uremia had medium to high signal intensity 
in portions of the effusions, with adhesions clearly visible 
between the visceral and parietal pericardium (Figs. 2A and 
2B). Increased signal intensity In the pericardial space was 
also found in two other patients: one patient had twice been 
resuscitated and one patient had tubercurous pericarditis. 
One patient with congestive heart failure amd one with peri- 
carditis due to lupus erythematosus had pericardial effusion 
of low signal intensity and thickened parietal pericardium of 
medium signal intensity. The inflamed pericardium could be 
distinguished clearly from the effusion owirg to its different 
signal intensity. 

The pericardial fluid was not distributed evenly In the peri 
cardial sac. Moreover, the site of maximum effusion varied 
among the patients. Fluid collected mainly dorsolateral to the 
left ventricle (17 cases). Sixteen patients also showed a 
considerable amount of fluid dorsolateral to the right atrium, 
however; in three cases this was the only region in which fluid 
could be detected. The anteriosuperior pericardial recess, 
normally a small triangle between the aorta and the pulmonary 
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artery [20], was enlarged in 11 of the 15 patients with 
pericardial effusion who had images encompassing this region 
(Fig. 3). 

The amount of pericardial fluid was classified by echocar- 





Fig. 1.—Small pericardial effusion in patient with congestive heart failure. 
Top, Transaxia! section through heart (TE = 30 msec) showing widened 
pericardial space in front of right ventricle and posterior to left ventricle (arrows). 
Bottom, Transaxial section 20 mm caudal to top image. Nonuniform distribution 
of pericardia! fluid is evident. Note increased thickness of pericardial space 
posterolateral te left ventricle. 
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diography to be small in nine patients and moderate in four 
patients. MR calculations of the amount of effusion showed 
volumes between 35 and 94 ml in small effusions and between 
95 to 310 ml in moderate effusions. There were no large 
effusions. Fluid layers of more than 5 mm in front of the right 
ventricle indicated moderate effusions. Owing to the uneven 
distribution of fluid around the heart, nowever, there was no 
linear correlation between the thickness of the fluid layer in 
front of the right ventricle and the fluid volume. 

CT or surgical estimations of the amount of pericardial fluid 
also correlated well with the MR findings. Three pericardial 
effusions diagnosed by MRI were not detected by two-dimen- 
sional echocardiography. In one patient, echocardiographic 
examination was technically unsatisfactory and surgery con- 
firmed the presence of an effusion. The other two patients 
had small effusions calculated by MR! to be less than 30 ml. 


Pericardial Thickening 


Nineteen patients had pericardial thickening as the most 
prominent finding on MR images; six of them had a final 
clinical diagnosis of constrictive pericarditis. The other 13 
showed postoperative thickening of the pericardium without 
hemodynamic significance. The thickened pericardium was of 
low signal intensity in five patients; of mecium signal intensity 
in 13 patients; and of high signal intensity in one patient. Six 
patients had associated pericardial effusions. These pericar- 
dial effusions could easily be distinguished from pericardial 
thickening because all of these patients had pericardial thick- 
ening of medium or high signal intensity. In contrast, the 
effusions had low signal intensity and appeared as elliptically 
shaped areas dorsolateral to the left ventricle (See Fig. 5). 

Five of the six patients with pencardial thickening and 
constrictive pericarditis underwent surgery. Histologic exam- 





Fig. 2.—oculated pericardial effusion in patient with uremia. A, Transaxial 
section throughtheart (TE = 28 msec) showing distension of pericardial space 
mainly over right atrium and right ventricle. Parts of effusion show medium 


Signal intensity (arrows). B, Identical section (TE = 56 msec). Relative increase 
of signal intensity in areas of medium signal intemsity on first-echo image. Two 
adhesions are visible between parietal and visceral pericardium (arrows). 
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Fig. 3.—Moderate pericardial effusion in patient after mediastinal irradiation. 
Top, Transaxial section through left atrium, superior vena cava, aorta, and 
pulmonary artery (TE = 30 msec). The anterior-superior pericardial recess is 
enlarged (arrows). Bottom, Transaxial section 40 mm farther caudad showing 
pericardial effusion localized predominantly dorsolateral to left ventricle. Cal- 
culated volume was 115 ml. 





Fig. 4.—Constrictive pericarditis in patient with uremia. On first spin-echo 
image (TE = 28 msec), a thin, low-intensity line representing fibrous parietal 
pericardium is visible over right atrium (closed arrows). Areas of medium signal 
intensity (open arrows) cover parietal and visceral pericardium. At surgery these 
areas were found to represent dense fibrinous exudate. 
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Fig. 5.—Transaxial section (TE = 28 msec) througr heart of patient with 
constrictive pericarditis. Right ventricle is small and tusular-shaped, and left 
ventricle is compressed. Note dilated right atrium. 


ination showed thickened fibrous pericardiam with calcifica- 
tion of varying degree, corresponding to a pericardium of low- 
signal-intensity on MRI in three patients. A fibrous peel was 
found in the patient with medium-signal intensity pericardium 
who had had previous pericardial stripping. In one uremic 
patient with high-signal-intensity thickening of the pericar- 
dium, a dense fibrinous exudate covered doth the parietal 
and the visceral pericardium (Fig. 4). 

The finding of a small, tubular-shaped right ventricle was 
an additional morphologic sign of pericardial constriction (Fig. 
5). This sign was present in all patients with surgically proved 
constriction. One patient with probable pericardial constriction 
and a normally shaped right ventricle has not undergone 
surgery, however. The presence of an enlarged right atrium 
and inferior vena cava was not specific fo` pericardial con- 
striction as enlargement was also observed in patients with 
restrictive cardiomyopathy. 

The following features allowed the differentiation of low- 
signal-intensity fluid from low-signal-intensity fibrous or calcific 
pericardium: calcifications showed irregula- borders and in 
two of three cases extended into the rigtt atrioventricular 
groove, displacing the fat that normally fills this space. Neither 
thickened fibrous tissue nor calcifications st owed the typical 
distribution of pericardial fluid as described in a previous 
paragraph. The finding of an enlarged anteriosuperior pericar- 
dial recess was indicative of pericardial effusion and was 
never observed in cases of pericardial thicxening. Although 
the permutation-gated technique was appléd in only six of 
the 19 patients, it proved to be helpful in showing the constant 
appearance of thickened pericardial tissue as opposed to 
changes in the thickness of a pericardial fluid layer during the 
Cardiac cycle. 
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The 13 patients with pericardial thickening who did not 
have clinical features of constrictive pericarditis had under- 
gone cardiac surgery 3 days to 10 months before the MRI 
examination. The surgical approach had been by median 
sternotomy, and no attempt was made to close the pericar- 
dium. There was focal or diffuse pericardial thickening (4-12 
mm) of medium signal intensity in 12 patients. The signal 
intensity was similar to that of the myocardium, but the 
pericardial line was clearly distinguished from the myocardium 
by the interposition of high-signal-intensity epicardial fat (Fig. 
6). 


MRI Evaluation of Constrictive Pericarditis vs Restrictive 
Cardiomyopathy 


Eighteen patients were referred for evaluation of (1) clinical 
signs suggesting constrictive pericarditis or restrictive cardi- 
omyopathy or (2) findings at heart catheterization indicating 
these conditions. MR! demonstrated thickened pericardium in 
seven patients (these patients were described in the previous 
paragraph), pericardial effusion in one patient (this patient 
was included in the patients with pericardial effusion de- 
scribed earlier), hemopericardium in two patients with addi- 
tional pericardial thickening, and normal pericardium in the 
other eight patients. 

A thickened pericardium was correctly identified by MRI in 
six of the eight patients with the final diagnosis of constrictive 
pericarditis. Five of these had increased pericardial thickness 
at surgery. One patient refused the recommended operation 
and was lost to follow-up. One patient with surgically proved 
pericardial thickening and calcification showed only localized 
thickening of the pericardium on MRI however. One patient 
with normal MRI findings was thought on clinical grounds to 
have mild constrictive pericarditis that did not warrant surgical 
intervention. 

MRI demonstrated normal pericardium in three patients, 
who subsequently umderwent endomyocardial biopsy that 
showed restrictive cardiomyopathy. Each of the three also 
had marked dilatation of the right atrium and the inferior vena 
cava. The other three patients with normal pericardium by 
MRI were eventually diagnosed as having recurrent idiopathic 
pericarditis [2] or postirradiation cardiomyopathy. 

After radiation therapy one patient showed a pericardial 
effusion that was distributed posterolaterally to the right 
atrium and left ventricle. It was difficult to decide whether the 
thickened rim of low signal intensity in front of the right 
ventricle was also related to the effusion or if it represented 
thickened pericardium. An additional rotated-gating sequence 
showed systolic-diastolic changes in the thickness of the 
structure (Fig. 7), demonstrating clearly that pericardial fluid 
was the most likely explanation for the anterior rim of low 
signal intensity. 

MRI was able to identify blood in the pericardial sac as the 
cause of the constrictive symptoms in two other patients. 
Regions of medium and high signal intensity corresponded to 
clotted and serous blood components at surgery (Figs. 8A 
and 8B). Widespread pericardial thickening of medium signal 
intensity was also observed. 
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Fig. 6.—Transaxial section through heart (TE = 30 msec) of patient 9 days 
after bypass surgery. The pericardium is seen as a line of medium signal 
intensity (straight arrow) between epicardial and pericardial fat layers (arrow- 
heads). Anterior to right ventricle is collection of organizing inflammatory 
material (curved arrows). Note additional elliptically shaped pericardial effusion 
of low signal intensity posterolateral to left ventricle. 
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Fig. 7.—Moderate pericardial effusion in patient after mediastinal irradiation 
(same patient as in Fig. 3). Top, Transverse section through heart 110 msec 
after R wave of ECG, corresponding to early systole. Pericardial effusion of 
low signal intensity is visible mainly over right atrium but also over right ventricle 
and posterolateral to left ventricle. Bottom, Same section as above 100 msec 
farther into systole. Note marked change in thickness of fluid layer behind left 
ventricle (arrows). Anterior portions of pericardial effusion remain essentially 
unchanged. 
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Fig. 8—Hemopericardium in patient with chronic lymphocytic leukemia. A, 
Transverse section through heart (TE = 30 msec). Considerable compression 
of right atrium and right ventricle by intrapericardial hematoma and compression 
of posterior wall of left ventricle. Note areas of mixed high and medium signal 
intensity of hemorrhage. At surgery a mixture of clot and serosanguineous fluid 


Echocardiography was also performed in all patients in 
whom a distinction between constrictive pericarditis and re- 
strictive cardiomyopathy could not be made clinically. Echo- 
cardiography was technically unsatisfactory in two patients, 
however, in whom MRI then provided the correct diagnosis. 
Echocardiography could not exclude pericardial thickening in 
another patient, who had a normal pericardium on MRI and a 
final clinical diagnosis of restrictive cardiomyopathy. Echocar- 
diography correctly demonstrated thickened pericardium in 
only five of the eight cases of constrictive pericarditis. MRI 
provided the correct diagnoses in the two patients with hem- 
opericardium in whom echocardiography could demonstrate 
only increased pericardial thickness or a mass surrounding 
the heart, respectively. 

Six patients had CT examinations. Pericardial calcification 
and thickening were demonstrated clearly in four patients 
with constrictive pericarditis and were confirmed in three 
patients by subsequent surgery. MRI was not able to distin- 
guish between calcification and fibrous pericardial tissue in 
these patients. 


Pericardial Masses 


Eleven patients were referred for evaluation of paracardiac 
masses with possible pericardial involvement or suspected 
intrapericardial tumors. 

Three of these patients had pericardial cysts. MR demon- 
strated paracardiac masses with long T1 and T2 values, 
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was found. There is also increased thickness of pericardium (arrowheads). B, 
Coronal section through heart (TE = 30 msec) in same patient. Regions of 
hemorrhage are mainly of high signal intensity (arrows). Thickened medium- 
intensity pericardium is again well demonstrated (arrowheads). 


indicating fluid-filled structures. These lesions had low signal 
intensity on first SE images and increased signal intensity on 
second SE images. In addition, a line of low signal intensity 
compatible with parietal pericardium could be visualized sur- 
rounding the cysts. Surgical confirmation was not obtained in 
any of these patients because of lack of clinical symptoms. 
The diagnosis was confirmed by typical appearance on cor- 
relative noninvasive imaging techniques (CT, echocardiogra- 
phy) and by stability of the lesions on chest radiographs for 
more than 5 years. 

In five patients with paracardiac masses, MRI distinguished 
the mass from the right atrial wall and showed pericardium of 
low signal intensity intervening between the mass and the 
heart. In two other patients invasion of the right atrial wall 
through the pericardium could be demonstrated (Fig. 9). Al- 
though MRI depicted size and position of the mass relative 
to the cardiac walls clearly, no additional information about 
the specific pathologic nature of the masses (one teratoma, 
one mesothelioma, one rhabdomyosarcoma, one bronchial 
pheochromocytoma, one metastatic melanoma, and two lym- 
phomas) could be obtained by this method. 

MRI demonstrated a small pericardial effusion and addi- 
tional pericardial adhesions of medium signal intensity in one 
patient with Hodgkin's disease who developed postirradiation 
pericarditis. It was not possible to differentiate with certainty 
between inflammatory adhesions and pericardial metastases 
that were found at autopsy, however. 
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Fig. 9.—Mass originating in lurg (lymphoma) penetrating pericardium (ar- 
rows) and invadiing right atrium. 


Discussion 


This preliminary experience in 63 patients shows that MRI 
is a valuable tool in the diagnosis of a variety of pericardial 
abnormalities, including effusions, thickening, and tumors. 
Furthermore, by depicting pericardial structures in excellent 
anatomic detail, MRI can often add important information to 
that obtained by other diagnostic methods. 

MRI outlined the distribution of pericardial fluid clearly and 
provided an estimation of its volume, which correlated well 
with echocardiographic estimations of the fluid volume. Like- 
wise, MRI demonstrated small pericardial effusions clearly in 
two patients in whom no effusions were found on echocardi- 
ographic examination. The frequent MRI finding of fluid lo- 
cated posterolateral to the right atrium even in patients with 
small effusions has not been described in the echocardi- 
ographic literature. Prospective echocardiographic and MRI 
determinations of the amount of pericardial fluid in patients 
undergoing cardiac surgery [21] would be of great interest. 

All nonhemorrhagic effusions were mostly of low signal 
intensity throughout their extent. Patients with uremia, 
trauma, and tuberculosis had some regions of medium or 
high signal intensity within the pericardial sac, however. These 
conditions are known to be accompanied by effusions of high 
protein and cell content [22]. In vitro experiments demon- 
strated considerable shortening of T1 in fluids containing 
blood cells and increased protein content [23]. Therefore, 
these fluids should exhibit a generalized increase in signal 
intensity. Nonlaminar flow of the fluid within the pericardial 
sac, however, likely results in signal loss due to effects of 
spin-phase change [24]. Thus, signal is lost from proteina- 
ceous fluid in the pericardial sac owing to movement of the 
fluid. The regions of increased signal intensity probably rep- 
resent inflammatory exudate with a high content of fibrinous 
material that is adherent to the pericardium and thus relatively 
immobile. Proof for this theory was provided in one patient 
with constrictive pericarditis who exhibited the above-men- 
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tioned findings on MR examination (see Fig. 4). At surgery, 
dense fibrinous material was found to cover the pericardium 
and led to partial obliteration of the pericardial space. 

Thickening of the pericardium as detected by MRI was 
highly indicative of pericardial constriction in patients who 
initially had typical clinical symptoms. In addition, a small 
compressed right ventricle was often found in this condition. 
Previous studies using echocardiography [3] and CT [5, 25, 
26] indicated that pericardial thickening per se is not diagnos- 
tic of pericardial constriction. This was confirmed in our post- 
operative patients who had pericardial thickening with no 
clinical symptoms. Differences in signal intensity of the peri- 
cardium were found between these patients and those with 
chronic constrictive pericarditis, however. The low signal in- 
tensity of the pericardium in the latter condition represented 
either thick fibrous tissue or calcification at surgery. Although 
pericardial surgery or biopsy was not undertaken in the post- 
operative patients without symptoms, it is likely that the line 
of medium signal intensity surrounding the heart represented 
organizing inflammatory reaction within and around the peri- 
cardium after surgery [1, 22]. Moreover, MRI was able to 
exclude pericardial thickening in patients with restrictive car- 
diomyopathy, whereas echocardiography and CT showed 
equivocal findings. Thus, by providing information about per- 
icardial thickness, MRI is valuable in differentiating between 
pericardial constriction and restrictive cardiomyopathy in pa- 
tients with equivocal findings at heart catheterization. 

The difficulties in differentiating between small pericardial 
effusions and pericardial thickening by CT have been recog- 
nized [5, 8], although some authors have maintained that 
differentiation is possible [7]. As thickened fibrous pericar- 
dium, calcification, and pericardial fluid are all of low signal 
intensity on MR images, additional features must be consid- 
ered to distinguish between these entities. The location, bor- 
ders, and appearance of the superior pericardial recesses 
allowed the identification of pericardial effusion in all of the 
present cases. MRI was not able to differentiate reliably 
between fibrous and calcified tissue, however. In this partic- 
ular situation, despite certain limitations [25], CT remains 
superior to MRI. 

MRI was superior to echocardiography in defining the na- 
ture and localization of the processes causing clinical signs 
of constriction in two patients with hemopericardium. Clotted 
hemopericardium has been reported to mimic constrictive 
pericarditis [27-29]. False-negative echocardiograms in the 
presence of pericardial clots have been described [8, 30]. In 
the postoperative patient, echocardiographic determination of 
pericardial contents may be unreliable [31]. CT numbers have 
been found to be high in bloody pericardial effusions [6], 
although overlap with effusions due to hypothyroidism has 
been observed. Clotted hemopericardium has been diag- 
nosed by CT [8], but no CT findings specific for this condition 
have been reported. On MR images, clotted hemopericardium 
appeared as an intrapericardial mass of mixed medium and 
high signal intensity. In vitro MRI examination of human blood 
[23] showed stable signal intensity of clot and varying signal 
intensities of serum over time. Serum had a less intense 
signal than clot during the first hours but increased in signal 
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intensity and became more intense than clot after 2 to 3 
weeks. Thus, it is likely that the regions of higher signal 
intensity represented different components of hemopericar- 
dium in the two patients, as these collections were approxi- 
mately 7 days and 3 weeks old, respectively. 

MRI was found to be useful in the diagnosis of pericardial 
cysts. All of the cysts showed the typical magnetic-relaxation 
characteristics of fluid-filled lesions: low signal intensity on 
T1-weighted images and higher signal intensity on T2- 
weighted images. Although echocardiography can provide 
the correct diagnosis in some cases, CT has been regarded 
as the noninvasive diagnostic method of choice [7]. MRI has 
the advantage of providing the equally specific diagnosis 
without the need for ionizing radiation, however, and may 
therefore be the best technique in the evaluation of these 
patients. 

MRI did not provide supplemental tissue information to the 
CT findings in seven other patients with paracardiac tumors. 
Nevertheless, MRI was able to predict the absence of peri- 
cardial involvement accurately in the two surgically confirmed 
masses. The knowledge of pericardial infiltration may preclude 
surgery or help the surgeon in anticipating potential operative 
problems. 
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MRI of Perivalvular 
Infectious Pseudoaneurysms 





MRI demonstrated perivalvular infectious pseudoaneurysms in three patients who 
had infective endocarditis that complicated cardiac surgery. In each case the infectious 
pseudoaneurysm, or abscess cavity, demonstrated absence of MR signal, consistent 
with the free flow of blood between it and the vessel lumen. Cardiac-gated MR images 
showed the precise location of the three infectious pseudoaneurysms in relation to the 
cardiac chambers: One was between the aortic root and left atrium; another was in the 
outflow portion of the ventricular septum; and the third surrounded the Rastelli conduit. 
Noninvasiveness, independence from the need for IV contrast material, precision in 
determining the site of the infectious pseudoaneurysm, and the lack of image artifacts 
produced by prosthetic valves make MRI a useful technique for detecting infectious 
cardiac pseudoaneurysms. 


A major complication of bacterial endocarditis is the development of perivalvular 
infectious pseudoaneurysms (perivalvular abscesses). After the infection is eradi- 
cated, the abscess may persist as a pseudoaneurysm. Although it is often detected 
antemortem by angiography, infectious pseudoaneurysm is a difficult diagnosis if 
noninvasive techniques are used [1, 2]. Moreover, angiography often does not 
demonstrate the exact location and size of the infectious pseudoaneurysm nor its 
effect on adjacent cardiac chambers. Detection of an infectious pseudoaneurysm 
can significantly alter medical and surgical management [3-5]. The clinical utility of 
MRI for assessing such abnormalities of the thoracic aorta and the heart has been 
indicated [6]. 

The present report describes our use of MRI to identify and define the location 
and extent of three cardiac infectious pseudoaneurysms that complicated the 
course of bacterial endocarditis. 


Subjects and Methods 
Subjects 


Three patients were referred for MRI evaluation of possible infectious pseudoaneurysms 
complicating bacterial endocarditis. The endocarditis occurred after cardiac surgery in all 
three patients. The major clinical history for each patient is given in Table 1. 


Imaging Techniques 


Cardiac-gated MR images were obtained in all three patients. The Diasonics MT/S imager 
employed had a superconducting magnet operating at 0.35 T, corresponding to a hydrogen 
resonance frequency of 15 MHz. This imager has been described [7]. All scans were obtained 
using an elliptical body-coil with an aperture of 57.5 x 30.0 cm. The imaging matrix was 256 
x 256, and the pixel size was 1.9 mm. The section thickness was 10 mm, and sequential 
images were contiguous. Imaging was in the transverse plane in all three patients and in the 
Sagittal plane in two (patients 1 and 3). Multislice imaging was done, consisting of 5 or 10 
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Slices per imaging sequence. The spin-echo technique was employed 
with a repetition time (TR) gated to the R-wave of the electrocardi- 
ogram, and an echo-delay time (TE) of 30 msec. The gating system 
has also been described [6, 8]. Image reconstruction was performed 
with the use of a two-dimensional Fourier transform. 


TABLE 1: Patient Summary 
SS a E oe es 


Patient a Sex Follow-up 


1 49 F 


Clinical History 





Procine aortic-valve Infection eradicated; 
prosthesis for aortic- currently doing 
valve endocarditis well 

2 34 M Bjork-Shiley aortic-valve Infection eradicated; 
prosthesis for endo- currently doing 
carditis of a bicuspid well 
aortic valve 

Rastelli-conduit repair 
of D-transposition 
and ventricular septal 
defect 


First Rastelli conduit 
replaced; cur- 
rently doing well 


3 13 F 





Fig. 1.—Patient 1. Cardiac-gated MR images (TE 30 msec). A, Transverse 


image demonstrated cavity (arrow) posterior to aorta compressing left atrium. 
Absence of MR signal within cavity is consistent with free flow of blood between 
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Results 
MRI Findings 


An abnormal cavity contiguous with an aortic root was 
demonstrated in all three patients. In each patient, the ab- 
scess, Or pseudoaneurysm, demonstrated absence of MR 
Signal intensity, consistent with the free flow of blood between 
the cavity and the vessel lumen. 

In the first patient, cardiac-gated MRI demonstrated a cavity 
posterior to the aorta and anterior to the left atrium. This 
cavity compressed the left and right atria and extended to the 
level of the right pulmonary artery. An orifice of this cavity 
was visible below the aortic valve (Figs. 1A-1C). No MR 
signal could be demonstrated within the cavity. This finding 
was consistent with free flow of blood between the infectious 
pseudoaneurysm and the left ventricle. The prosthetic valve 
was not visible on the MR image. 

In the second patient, cardiac-gated MRI demonstrated a 
cavity arising from the right sinus of Valsalva and extending 
into the ventricular septum (Figs. 2A and 2B). Only a thin line 
separated the septal cavity from the right ventricular chamber. 





abscess (or pseudoaneurysm) and left ventricle. B, On parasagittal image, 
Cavity (arrow) extends to level of right pulmonary artery. C, Another parasagittal 
image discloses orifice (arrow) into cavity below aortic valve. 


Fig. 2.—Patient 2. Cardiac-gated MR images 
(TE 30 msec). A, Transverse image demonstrates 
infectious pseudoaneurysm (arrow) arising from 
sinus of Valsalva. Absence of signal is consistent 
with free flow of blood into and out of cavity. B, 
Transverse image shows infectious pseudoaneu- 
rysm (arrow) extending into outflow portion of in- 
terventricular septum. Thin line separates cavity 
from right ventricular chamber (arrowhead). 
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Fig. 3.—Patient 3. Cardiac-gated MR images 
(TE 30 msec). A, Transverse image shows large 
pseudoaneurysm (arrow) surrouncing proximal por- 
tion of a Rastelli conduit (open arrowhead). B, 
Sagittal image shows perigraft chamber with large 
area devoid of signal (arrow), compatible with flow- 
ing blood, and anteriorly located thrombus (open 
arrowhead) of intermediate signal intensity. 


Again, no signal could be demonstrated within the Cavity, 
consistent with free flow of blood into and out of the cavity. 
The prosthetic valve also was not visible on the MR image. 

In the third patient, cardiac-gated MRI demonstrated a large 
pseudoaneurysm surrounding the proximal portion of a Ras- 
telli conduit (Figs. 3A and 3B). MR signal was also absent in 
this cavity, indicating flowing blood in the perigraft chamber. 
Thrombus was identified in the pseudoaneurysm (Fig. 3B). In 
addition, several pleural-based regions of high signal intensity 
were visible. These regions correlated with perfusion defects 
visible on a scintigraphic perfusion scan. 


MRI Compared with Other Imaging Techniques 


Echocardiography and angiography were also performed 
in the first patient. Echocardiography suggested a possible 
sinus-of-Vaisalva aneurysm. Angiography demonstrated a 
large infectious pseudoaneurysm in communication with the 
left ventricle but did not define the relationship of this cavity 
to the other cardiac chambers and great vessels. 

The second patient also had an echocardiogram; it showed 
a large sonolucency in the septum, which correlated with the 
MR findings of a septal cavity. The thickness of the layer 
separating the cavity from the right ventricle could not be 
defined by the echocardiogram. 

The third patient also underwent echocardiography. The 
echocardiogram failed to reveal any evidence of the large 
pseudoaneurysm and thrombus around the Rastell conduit 
as demonstrated by MRI. Perfusion lung scanning on the day 
of the MRI study was highly positive for multiple pulmonary 
emboli. The MRI findings on this third patient were corrobo- 
rated at surgery. While evident on the MR images, the full 
extent of the abscess was not recognized prospectively. 


Discussion 


The reported prevalence of myocardial abscess in the 
general population at postmortem ranges from 0.187% to 
1.52% [1, 2, 9, 10]. Myocardial abscess can occur in any 
patient with overwhelming infection. Such infections are not 
rare in patients whose immune systems are compromised by 
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steroids or antineoplastic chemotherapy, and in some patients 
who have undergone cardiac surgery. Septicemia is the major 
precursor of myocardial abscess. In approximately 30-40% 
of patients with endocarditis, valve-ring abscesses develop 
[11, 12]. Despite the high prevalence of myocardial abscess, 
the antemortem diagnosis of myocardial abscess is rare [1, 
2]. If the presence of a myocardial abscess can be estab- 
lished, the medical and surgical therapy might be altered 
considerably [3-5]. 

Two-dimensional echocardiography has been useful in the 
detection of endocarditis-associated perivalvular abscesses 
[12]. However, typical echo-free abscesses are rare, and the 
strict echocardiographic criteria for myocardial abscess de- 
scribed by Ellis et al. [12] can be applied only in a strictly 
defined clinical setting. Valvular prostheses can produce arti- 
facts that severely degrade an echocardiographic study. 

CT has recently been shown to have some success in the 
detection of infectious pseudoaneurysms [13]. The ability to 
detect an infectious pseudoaneurysm with CT is dependent 
on the filling of the cavity with contrast material during a bolus 
injection, a situation that does not always occur. Furthermore, 
CT imaging is limited to the transverse plane, so determination 
of the exact site of the cavity may be suboptimal. The pros- 
thetic valves may also produce artifacts on CT scans. 

Angiography can be used in detecting infectious pseudo- 
aneurysms, but, again, the cavity must fill with contrast ma- 
terial and the site of the cavity can be equivocal [10]. In our 
first patient, because of the location of the cavity and lack of 
opacification of the left atrium, the relationship of the cavity 
to the left atrium could not be discerned from the angiogram. 
Also, catheter-induced emboli and arrhythmias, as well as 
postcatheterization hemodynamic compromise, remain po- 
tential risks with angiography [4, 11, 14]. 

MRI offers many advantages in the detection of infectious 
pseudoaneurysm. It is noninvasive and can be performed 
without use of contrast material, so that the allergic or he- 
modynamically compromised patient can be studied. Addi- 
tionally, IV contrast material is not needed for the detection 
of the infectious pseudoaneurysm. The MRI-determined site 
of the infectious pseudoaneurysm is unequivocal because the 
tomography is in multiple planes with a wide angle of view. 


256 


Finally, no artifacts from the prosthetic valve are seen with 
MR. These preliminary observations suggest that MRI may 
become the technique of choice for the detection of infectious 


pseudoaneurysms. 
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Efficacy of Radiologic 
Studies in the Detection of 
Barrett’s Esophagus 


Esophageal radiography using two different air-contrast techniques was used to 
examine 30 patients with Barrett’s esophagus and 18 controls. All patients had upper 
gastrointestinal endoscopy and biopsy of the esophagus. The radiographs were ran- 
domized, masked, and then interpreted by two radiologists blinded to the endoscopic 
and biopsy diagnosis. Depending upon the diagnostic strategy of the radiologist, 
sensitivity varied from 0.36 to 0.83 and specificity from 0.56 to 1.00. A typical receiver- 
operating-characteristic curve was generated. Esophageal radiography is effective in 
identifying those patients who have stricture and ulceration as a complication beyond 
the epithelial transformation. However, because of low sensitivity, it is not a satisfactory 
method for identifying most cases of Barrett’s esophagus. 





Chronic gastroesophageal refiux produces metaplastic changes in the scuamous 
lining of the esophagus. These metaplastic changes have been given the name 
Barrett's esophagus after the person who first described this ulcer [1]. Both Barrett 
[1] and Allison and Johnstone [2] originally interpreted the metaplastic changes as 
congenital rests of gastric mucosa. Currently, gastroesophageal reflux is proposed 
as the cause of the metaplasia [3]. 

Adenocarcinoma of the esophagus has been observed to develop in a setting of 
metaplastic mucosa [4-6]. Barrett's esophagus is accepted as a premalignant 
condition, and patients with this condition are 40 times more likely to develop 
esophageal adenocarcinoma than are those in the general population [7, 8]. Thus 
detection of Barrett’s esophagus is important. Biopsy of the esophagus is the gold 
Standard for the diagnosis of Barrett's esophagus, and the visual endoscopic 
diagnosis has an accuracy in the 90% range [9]. 

This study was undertaken to evaluate state-of-the-art radiologic techniques in 
distinguishing Barrett's from the normal esophagus. This prospective, blinded, 
randomized study using double-contrast barium esophagography shows that it is 
an inadequate method. 


Subjects and Methods 


Approval for this study was obtained from the Institutional Review Board of the University 
of Arizona Health Sciences Center. Each subject was informed of the nature of the study and 
signed a consent form. Forty-eight men, ranging in age from 44 to 84 years (mean, 64 years) 
were studied. All underwent esophageal endoscopy and biopsy. Thirty had previously 
documented Barrett's esophagus, with histologically verified columnar epithelium at a distance 
2.0 cm or more cephalad to the endoscopically determined gastroesophageal junction. Length 
of columnar epithelium averaged 6.0 cm and ranged from 2 to 15 cm. These 30 patients 
were undergoing repeat endoscopy and biopsy as part of routine follow-up of progression of 
their disease. The other 18 subjects were controls studied for upper gastrointestinal com- 
plaints unrelated to the esophagus, all of whom had an apparently normal esophageal surface 
at endoscopy and squamous mucosa on biopsy. 

After endoscopy all 48 subjects were scheduled for radiologic studies. The raciologists 
were not informed of the endoscopic and biopsy diagnoses. 
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Radiologic Studies 


Barium sulfate suspension (250% w/v) was used as the contrast 
material (E-Z-HD, E-Z-Em Co., Westbury, NY). Filming was done with 
105-mm spot films taken from a 15-cm image intensifier. Two types 
of esophagrams were done in random order. An upright study was 
done in the right anterior oblique position to the image intensifier. 
Effervescent tablets (Sparkles, Lafayette Pharmacal, Lafayette, IN) 
(4.5 g) were given with 20 ml of water containing 0.6 ml of simethicone 
(Mylicon Drops, Stuart Pharmaceuticals, Wilmington, DE), and then 
the patient ingested approximately 100 ml of barium. A prone study 
was done in the left posterior oblique position to the image intensifier. 
A 14-French urethral-type catheter was placed transnasally into the 
upper thoracic esophagus [10]. Sixty milliliters of barium was intro- 
duced followed by air insufflation with a bulb syringe. In both studies, 
multiple double-contrast images of the esophagus were obtained. 
Forty-five subjects had both the upright and the prone studies; three 
were able to tolerate examination in only one position (two prone 
only, one upright only). 


Image Analysis 


A standard evaluation form was used to record hiatus hernia, 
stricture, mucosal erosion, ulcer, reticular mucosal pattern, and nod- 
ular mucosal pattern. A pattern was regarded as reticular if there 
appeared on the radiograph a mucosal surface containing many 
barium-filled grooves or crevices [11]. A nodular pattern was defined 
as one in which numerous 1-2 mm mucosal excrescences were 
seen. For each feature a judgment was made to determine whether 
the finding was present (definitely, probably, or equivocally) or absent; 
a decision regarding the presence or absence of Barrett's was also 
recorded. 

Two radiologists analyzed the images in four separate reading 
sessions. They were blinded to the diagnosis by subject but knew 
the general frequency of Barrett's in the group. The randomization of 
images was different for each of the four interpretation sessions. (1) 
Session 1. The upright and prone studies for each subject were 
combined. Two diagnostic strategies were employed. One radiologist 
evaluated the images with a conservative strategy designed to avoid 
false-positive diagnoses. Therefore, Barrett's was diagnosed only if 
there was clear evidence as determined by the presence of several 
of the above findings. The other radiologist used an aggressive 
strategy with the intent of avoiding false-negative diagnoses and thus 
made a diagnosis of Barrett's when relatively few findings were 
present. (2) Session 2. This was identical to Session 1 but occurred 
after a 2-month lapse and was designed to evaluate intraobserver 
variation. (3) Session 3. The radiologists reversed diagnostic strate- 
gies. (4) Session 4. The studies of the 45 subjects who had both 
upright and prone esophagrams were separated and put in random 
order. When viewing these 90 studies, both radiologists used the 
conservative strategy. 


Statistical Analysis 


The sensitivity and specificity were calculated [12] for each individ- 
ual feature and for the diagnosis of Barrett's by both conservative 
and aggressive strategies after a consensus radiographic diagnosis 
was established. The association between the diagnosis of Barrett's 
and length of columnar epithelium was analyzed using a chi-squared 
statistic. 


Results 


The individual features are shown in Table 1. The finding 
of ulcer (Fig. 1A) carried the highest positive predictive value 
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TABLE 1: Sensitivity and Specificity of Individual Radiographic 
Findings 


SOE At mt Sa Ae SS SS eS ee 9 ee a 
Aggressive Strategy Conservative Strategy 











Sensitivity Specificity Sensitivity Specificity 

Hiatus hernia 0.83 0.61 0.63 0.89 
Stricture 0.47 0.89 0.40 1.00 
Erosions 0.20 0.94 0.07 0.94 
Ulcer 0.17 1.00 0.10 1.00 
Reticular mucosal 

pattern 0.27 0.94 0.00 1.00 
Nodular mucosal 

pattern 0.17 0.83 0.00 1.00 





(100%) for Barrett's, that is, no false-positive diagnoses oc- 
curred. Ulcer was an unusual finding in patients with Barrett's 
(0.10-0.17 sensitivity) and therefore this finding was not much 
help overall in detecting cases of the disease. 

Erosion also had a high positive predictive value for Bar- 
rett's, but it occurred as a false-positive finding in one of the 
18 controls. Its usefulness is limited by low sensitivity (0.07- 
0.20). 

Stricture (Fig. 1B) was the most helpful feature in separating 
patients with Barrett's from normal subjects since its fre- 
quency was considerably higher than that of ulcer or erosions. 
Stricture was present as a definite or probable finding in 12 
(40%) of 30 cases using the conservative strategy. This 
increased to 14 (47%) of 30 when an aggressive strategy 
was used. With this shift in strategy the false-positives went 
from zero to two. 

Hiatus hernia was the most sensitive (0.63-0.83) of the 
individual criteria. However, it had the lowest specificity (0.61- 
0.89), and thus it is useful only as a very crude screen. 

Low sensitivity for mucosal patterns (0-0.17 for the nodular 
pattern and 0-0.27 for the reticular) makes these patterns of 
little use, despite their high specificities (Fig. 1C). 

The 30 patients with Barrett’s were divided into those with 
less than 6.0 cm of columnar epithelium (n = 16) and those 
with 6.0 cm or more (n = 14). There was no difference in 
ability to diagnose Barrett's related to length of columnar 
epithelium using either diagnostic strategy (p = 0.45 aggres- 
sive, p = 0.52 conservative). 

An overall analysis is given in Tables 2 and 3. The results 
of the film readings show that in this series a strategy of 
avoiding false-positive diagnoses resulted in the detection of 
Barrett's esophagus in the range of 40%. When a more 
aggressive strategy was used, the number of false-positive 
cases increased sharply, and a maximum of only 83% of 
Barrett's cases were detected. In this way, the data followed 
a typical receiver-operating-characteristic curve. Results ob- 
tained by the two observers were fairly consistent in terms of 
both intraobserver and interobserver variations; consistency 
was poorest when the aggressive strategy was used. 

In comparing the prone and upright double-contrast stud- 
ies, there was a slight increase in sensitivity with the prone 
(tube) method by both observers (0.36-0.43 and 0.43-0.46), 
but specificity declined (1.00-0.94). When the consensus 
diagnosis of the observers was analyzed, the aggressive 
strategy had an overall accuracy of 71% compared with 62% 
for the conservative strategy. 
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Fig. 1.—Radiographic findings in three patients with proven Barrett's mucosa. A, Lower esophageal ulceration. B, Midesophageal stricture. C, Nodular pattern 


of distal mucesa on doubie-contrast study. 


TABLE 2: Comparison of Consensus Radiographic Diagnoses 
for Aggressive and Conservative Strategies 





Conservative Strategy 
30/48? 62% 


Aggressive Strategy 
30/48? 62% 











Positive cases 


Sensitivity? 22/30 0.73 12/30 0.40 
Specificity’ 12/18 0.67 18/18 1.00 
Accuracy’ 34/48 71% 30/48 62% 


eree e a EE 
* Barrett's esophagus cases/total cases. 
> Sensitivity = probability of a positive diagnosis in a patient with Barrett's. 
€ Specificity = probability of a negative diagnosis in a patient without Barrett's. 
4 Accuracy = percentage ot correct decisions. 


Discussion 


The current interest in Barrett's esophagus stems from the 
recognition that a metaplasia-dysplasia-carcinoma sequence 
exists in affected patients. There are many gaps in our 
knowledge about Barrett's esophagus, including its true prev- 
alence in different age groups, the risk it carries for develop- 
ment of adenocarcinoma, and the efficacy of medical and 
surgical therapy in altering the sequence of progression to- 
ward cancer. One ef the keys to understanding Barrett's 
esophagus is accurate diagnosis. While radiography is effec- 
tive in recognizing accompanying ulceration and stricture, it 
is apparent from the present study that esophagography is 
of no value in patients who simply have mucosal metaplasia. 
This prospective study demonstrates that the most helpful 
radiographic feature of Barrett’s esophagus is stricture. While 
hiatal hernia had a higher sensitivity, its presence alone is of 
little value because of low specificity. However, it is important 
to realize that Barrett’s esophagus is unusual in the absence 
of a diagnosis of hiata! hernia. 

The importance of the mucosal pattern of the esophagus 
as a marker of Barrett's has been debated. The reticular 
pattern has recently been offered as virtually a pathognomonic 
sign of Barrett’s esaphagus [11], but others [13, 14] have 


TABLE 3: Comparison of Intraobserver and Interobserver 
Variations 








l True- False- True- Fal 
Sessions Positive Positive Negative Negative 

Observer 1 r 0.83 0.44 0.56 0.17 
z 0.70 0.28 0.72 0.30 
3 0.40 0.11 0.89 0.60 
4 (upright) 0.36 0 1.00 0.64 
4 (prone) 0.43 0.06 0.94 0.57 

Observer 2 1 0.43 0 1.00 0.57 
2 0.40 0.06 0.94 0.57 
3 0.73 0.28 0.72 0.27 
4 (upright) 0.43 0 1.00 0.57 


4 (prone) 0.46 0.06 0.94 0.54 





* An aggressive strategy was used in these sessions. 


argued that it is not specific and can be associated with 
esophagitis, squamous or superficial spreading carcinoma, or 
areae gastricae in small hiatal hernias. All agree, however, 
that in Barrett's patients, studied retrospectively, the reticular 
pattern occurs with a frequency of about 25% [11, 13, 14]. 
Our prospective data suggest a similar low sensitivity [27%], 
even when using an aggressive diagnostic strategy. With a 
more conservative strategy, the sensitivity of the reticular 
pattern dropped to zero and therefore was of no use in making 
the diagnosis. 

While a nodular granular mucosal appearance has been 
described as a sign of Barrett's esophagus [11, 14], we found 
it to be an uncommon finding even with the aggressive 
strategy (17%). Despite the high specificity in ourdata (0.83- 
1.00), this pattern may also be seen with esophagitis, leuko- 
plakia, moniliasis [15], and glycogenic acanthosis [16, 17]. 

In considering the radiologic criteria of Barrett's without 
ulceration or stricture, attention must be given to the endo- 
scopic observation that it is the color of the mucasa, and not 


necessarily alterations in mucosal integrity or contour, that is 
responsible for high diagnostic accuracy. Since the radiologic 
method lacks mucosal color differentiation and depends to- 
tally on contour changes, improvement in sensitivity may be 
difficult. , 

it can be argued that the role of radiography is not to detect 
Barrett's mucosa, but to detect its cause, gastroesophageal 
reflux. We were unable, in this study, to directly assess reflux 
since all masked readings were of films only, without the 
opportunity to observe fluoroscopic findings. However, care- 
ful study of reflux [18] has indicated that it probably occurs 
no more frequently than seven times per hour and on the 
average three times per hour in patients with reflux esopha- 
gitis. Although the frequency is somewhat higher than this in 
patients with Barrett's [19], it is still unlikely that an episode 
of reflux will be observed fluoroscopically during a typical 
study lasting 3-5 min. Furthermore, since healthy controls 
reflux at about one-fourth the frequency of individuals with 
Clinically significant reflux [18], the significance of fluoroscopic 
observation of reflux is unclear. 

When assessing the cost of discovering each case of 
Barrett's, it Is important to note that a positive radiologic 
study will almost invariably be followed by endoscopy and 
biopsy for confirmation or denial. Thus, despite the apparent 
higher cost of using endoscopy as the screening examination, 
the cost of screening by radiography and then examining with 
endoscopy is probably not much different. Because there is 
as yet no data to show that a detection-survefllance-treatrnent 
program is effective, the projections of the cost of finding a 
case of Barrett's may be only an intellectual exercise. It is an 
important factor to consider in the development of investiga- 
tive protocols for studying the Barrett’s-cancer sequence. 

The present study was done in a group in which 62.5% 
had Barrett's esophagus. This rate is much higher than would 
be found in either a symptomatic group [9, 20] or an unse- 
lected patient population. Projecting the results of radiologic 
detection of Barrett's to a group with a more realistic preva- 
lence of 15%, and assuming that sensitivity and specificity 
are constant, we would experience a negative predictive value 
of 0.93 and a positive predictive value of 0.28, using the 
agaressive strategy. These projections are subject to error 
since changes such as stricture and ulceration are required 
to make a reliable radiographic diagnosis of Barrett's. Sensi- 
tivity might decrease if a smaller percentage of Barrett's 
patients in an unselected group had such gross changes. 

The effect of diagnostic strategy on sensitivity and specific- 
ity is well demonstrated in this study. The sensitivity and 
specificity of a diagnostic test is often discussed, but the 
effect of observer variations is usually neglected except 
in discussions of receiver-operating-characteristic analysis 
[21]. Striving for higher sensitivity reduces specificity to such 
a degree that too many patients would be unnecessarily 
referred for endoscopy. 

The possibility that the radiologic method is more effective 
when the disease involves a greater length of the esophagus 
is not supported by the data. This is a particular disappoint- 
ment as there is early evidence that the incidence of cancer 
may be low In short-segment disease [22]. ff the radiologic 
method is used as the screening test, our data in this small 
series suggest that as many as 60% of Barrett's cases will 
go undetected, depending on the aggressiveness of the ra- 
diologist's interpretation. Therefore, esophagography is an 
incomplete screen for the cancer-prone patient. 
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Radiographic and 
Endoscopic Sensitivity in 
Detecting Lower Esophageal 
Mucosal Ring 





Radiographic and endoscopic sensitivities were compared in 60 patients with lower 
esophageal mucosal ring. Barium esophagram detected 57 (95%) rings, all shown by 
the prone full-column technique. Double-contrast technique in 39 patients demonstrated 
only 18 (46%) rings. Endoscopy detected 35 (58%) of 60 rings. Endoscopic sensitivity 
depended on ring caliber with detection of 18 (82%) of 22 rings 13 mm or less in caliber, 
14 (54%) of 26 14-19 mm rings, and three (25%) of 12 rings 20 mm or wider. Dysphagia 
was present in 13 of 25 patients with rings undetected by endoscopy. The caliber of the 
fiberoptic instruments used also affected endoscopic detection, with 47% of the rings 
being diagnosed with narrower endoscopes and 76% being diagnosed with larger 
instruments. Thus, the radiographic examination was more accurate in detecting lower 
esophageal mucosal ring and should be used initially in patients with dysphagia and 
suspected lower esophageal narrowing. 


Lower esophageal mucosal ring is considered the most common cause of 
episodic dysphagia to solids in adults [1-5]. The mucosal ring is a fixed annular 
narrowing located at the inferior margin of the esophageal vestibule. The thinness 
and symmetry of the mucosal ring usually distinguish it from other narrowings of 
similar appearance, such as the peptic stricture [2-4]. Schatzki [5] showed that 
the caliber of a mucosal ring is the most important factor in determining the 
frequency of dysphagia. Rings over 20 mm in caliber are rarely symptomatic. 
Narrower rings, however, often cause dysphagia, especially if they are 13 mm or 
less in diameter. 

The properly performed barium esophagram is capable of diagnosing tne vast 
majority of lower esophageal mucosal rings. Ott et al. [6], for example, reported 
radiographic detection of 27 (96%) of 28 mucosal rings shown endoscopically. On 
the other hand, the effectiveness of endoscopy in detecting mucosal rings. partic- 
ularly in assessing rings broader than the caliber of the instruments used, Nas not 
been studied. We therefore investigated the radiographic and endoscopic sensitiv- 
ities for detection of lower esophageal mucosal rings in 60 patients. 


Materials and Methods 


All upper-gastrointestinal endoscopic and radiographic records over a 2-year period at 
North Carolina Baptist Hospital were reviewed. All patients having a diagnosis of mucosal 
ring made either endoscopically or radiographically (or both) entered the study. Both exami- 
nations were performed within 2 weeks of each other. The radiographic diagnosis cf lower- 
esophageal mucosal ring was based on the presence of a fixed, annular narrowing at the 
lower end of the esophageal vestibule [1-5]. Symmetry and thinness (<3-4 mm) of the 
structure were additional criteria used to differentiate a mucosa ring from an annuler peptic 
stricture [2-4]. The group consisted of 60 patients (35 women and 25 men) with a mean age 
of 58 years (range, 32-87 years). 

A multiphasic radiographic examination of the esophagus, including mucosal relief, full- 
column, and double-contrast techniques, was performed in 39 patients. In the remaining 21 
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TABLE 1: Radiographic and Endoscopic Detection of 60 Lower 
Esophageal Mucosal Rings According to Ring Caliber 














Detection 

Ring Caliber No 

(mm) i Radiography Endoscopy 

tay (%) (%) 
<13 22 20 (91) 18 (82) 
14-19 26 25 (96) 14 (54) 
20-25 12 12 (100) 3 (25) 
Totals 60 57 (95)? 35 (58) 





* Reflects sensitivity of full-column examination. 


patients, the examination consisted of a combination of mucosal relief 
and full-column techniques. The double-contrast films were done with 
the patient in the upright position. The prone or prone-oblique position 
was used for full-column and mucosal-relief views. To ensure maximal 
distension of the esophagogastric region, full-column films were 
obtained using several respiratory maneuvers routinely, such as the 
Valsalva maneuver, and an abdominal bolster occasionally. Radi- 
ographic examination with iced barium or solid bolus was used 
infrequently [7]. Endoscopy was performed using a variety of Olym- 
pus upper gastrointestinal endoscopes (Olympus Corp., Lake Suc- 
cess, New York), which varied in caliber from 7.9 to 13.0 mm. 

The radiographic examinations were reviewed and correlated with 
the endoscopic reports in each patient to determine the radiographic 
and endoscopic sensitivities. The caliber of each mucosal ring was 
measured directly from the radiographic films in all but two cases, 
and in these, endoscopic estimation was used. When available, the 
type of endoscopic instrument used and its caliber were recorded. 
The medical records on all patients were also reviewed to note the 
presence or absence of dysphagia. 


Results 


Overall, 57 (95%) of 60 lower-esophageal mucosal rings 
were detected radiographically as compared with 35 (58%) 
rings demonstrated endoscopically (Table 1). The three rings 
missed radiographically measured 11, 12, and 19 mm in 
caliber, respectively, and retrospective review of each esoph- 
agram showed poor distension of the esophagogastric region 
as the cause for error (Fig. 1). Only the 19-mm ring could be 
seen retrospectively. The full-column technique demonstrated 
all 57 rings detected radiographically. Only 18 (46%) of 39 
rings were shown by the double-contrast method, including 
5 missed rings measuring 13 mm or less in caliber (Fig. 2). 

Endoscopic sensitivity had an inverse relationship to ring 
caliber (p < 0.01), with poor detection (25%) of 20-25 mm 
rings, fair detection (54%) of 14-19 mm rings, and good 
detection (82%) of rings 13 mm or less in diameter (Fig. 3). 
The type and caliber of endoscope used was known in 55 
patients. Mucosal ring detection rate was 47% for endo- 
scopes less than 10 mm in diameter (Fig. 4) compared with 
76% for endoscopes over 10 mm (Table 2) (p = 0.09). For 
rings over 13 mm, detection rates for the smaller and larger 
instruments were 33% and 78%, respectively. 

The overall prevalence of dysphagia was 65%. Dysphagia 
was present in 18 (82%) of 22 patients with rings 13 mm or 
less in caliber, in 16 (62%) of 26 patients with 14-19 mm 
rings, and in five (42%) of 12 patients with 20-25 mm rings. 
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Fig. 1.—Prone full-column examination showing a nor- 
mal esophagogastric region. An 1~-mm mucosal ring was 
found endoscopically. 


The endoscopic detection rate was 67% (26/39) in patients 
with dysphagia, compared with 43% (9/21) in those without 
dysphagia (p = 0.38). Dysphagia was ncted in 13 (52%) of 
25 patients with rings missed endoscopically, with nine un- 
detected rings measuring less than 20 mm. Several patients 
with dysphagia also had mild reflux esophagitis endoscopi- 
cally. In addition, esophageal manometry performed in 11 
patients with dysphagia was normal in nine, and showed 
nonspecific motor disturbance in two patients. 


Discussion 


Dysphagia is a common complaint in adults presenting for 
radiographic and endoscopic evaluation ofthe upper gastroin- 
testinal tract. Structural abnormality of the esophagus or 
esophagogastric region is found in many of these patients. 
Ott et al. [8], for example, showed that reflux esophagitis, 
peptic stricture, and lower-esophageal mucosal ring ac- 
counted for 50 (76%) of 66 abnormalities found in a group of 
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Fig. 2.—A, Full-column view damon- 
strating 17-mm mucosal ring in patient 
with dysphagia. B, Upright double-con- 
trast examination in same patient failed 
to show ring 


86 patients with dysphagia. Similarly, Halpert et al. [9] found 
these same abnormalities in approximately two-thirds of their 
patients with dysphagia examined both radiographically and 
endoscopically. 

The mucosal ring is a fixed annular narrowing located at 
the lower end of the esophageal vestibule [1-5]. Radiographic 
or endoscopic demonstration of mucosal ring depends on 
proper distension of the esophagogastric region beyond the 
caliber of the ring [10]. In our series, the radiographic exami- 
nation was superior to endoscopy in detecting lower esoph- 
ageal mucosal ring, particularly in demonstrating rings greater 
than 13 mm in caliber. The overall sensitivity of the barium 
esophagram was 95%, compared with an endoscopic detec- 
tion rate of 58%. The three rings not diagnosed radiographi- 
cally averaged 14 mm in caliber, and were undetected be- 
cause of poor distemsion of the esophagogastric region. 

Radiographic detection of lower-esophageal mucosal ring 
is mainly dependent on adequate distension and good visual- 
ization of the esophagogastric region [10]. Our results confirm 
the traditional belief that the prone full-column examination of 
the lower esophagus best demonstrates mucosal rings. In 39 
of our patients, the double-contrast technique failed to detect 
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46% of the mucosal rings present. Chen et al. [10] also 
showed a low detection rate (only 17%) for mucosel ring by 
this method. The poor detection of mucosal rinc by the 
double-contrast method probably reflects the inherent limita- 
tions of examining the esophagogastric region with the patient 
in the upright position [10]. 

Although the overall endoscopic sensitivity of lower-esoph- 
ageal mucosal ring was 58%, detection was significantly 
related to ring caliber. In our series, endoscopy did not detect 
four of 22 mucosal rings measuring 13 mm or less in caliber, 
despite the presence of dysphagia in three of the four patients. 
Endoscopy failed to detect about half of the rings in the 14- 
19 mm category. Although dysphagia was least common in 
patients with rings over 20 mm, endoscopic detection was 
poor. Considering only the 48 mucosal rings under 20 mm in 
our study, radiographic sensitivity was 94% (45/48) compared 
with an endoscopic detection rate of 67% (32/48). Ring caliber 
was thus a primary determinant of endoscopic detection. 

The presence of dysphagia is important because the en- 
doscopist will more diligently examine the esophacogastric 
region for mucosal ring. A larger endoscope may be used and 
the lower esophagus may be repeatedly distended with air. 
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TABLE 2: Relationship of Caliber of Endoscope to Detection of 
55 Mucosal Rings According to Ring Diameter 














Ring Caliber No Detection (%) 
(mm) f l <10 mm? >10 mm? 
<13 19 9/11 (82) 6/8 (75) 
14-19 25 8/19 (42) 5/6 (83) 
20-25 11 1/8 (13) 2/3 (67) 
Totals 55 18/38 (47) 13/17 (76) 





* Refers to caliber of the endoscopic instruments. 


Although our endoscopic detection of mucosal ring was 
somewhat better (67% vs 43%) in patients with dysphagia, 
the difference was not statistically significant. Patients may 
have lesions other than mucosal ring that may explain dys- 
phagia. This is important in a patient having a widely patent 
mucosal ring, and it is a potential criticism of our study since 
dysphagia was not rare in those with broader rings. However, 
only four of our 39 patients with dysphagia had mild reflux 
esophagitis or esophageal dysmotility that might also have 
been symptomatic. 
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Fig. 3.—13-mm mucosal ring (arrows) 
in a dysphagic patient that was not seen 
with large-caliber (13.0-mm) endoscope 
(arrowheads = muscular ring; V = vesti- 
bule; HH = hiatal hernia). 


Fig. 4. —15-mm mucosal ring in patient 
with dysphagia that was undetected with 
small caliber (9-mm) endoscope. 


a 


The inability of endoscopy to demonstrate a substantial 
minority of symptomatic lower-esophageal mucosal rings 
most likely relates to the difficulty in adequately distending 
the esophagogastric region by air insufflation and to the 
caliber of the instruments used. Ott et al. [11] have shown 
that the caliber of an esophageal peptic stricture is an impor- 
tant determinant of its endoscopic detection, with all unde- 
tected strictures being 10 mm or more in diameter. We 
postulated that the type of instrument used may also be 
important in detection of peptic stricture. In the present study, 
the endoscopic sensitivity for mucosal rings was only 47% 
with instruments less than 10 mm in caliber compared with 
76% for the wider instruments. Detection rates were similar 
for rings 13 mm or less in size (82% vs 75%), but were 
substantially different for rings above 13 mm (33% vs 78%). 

Dysphagia is also a presenting complaint in most patients 
with esophageal carcinoma, peptic stricture, and esophageal 
motility disorders. The properly performed barium esopha- 
gram will demonstrate 95% or more of esophgeal carcinomas 
and peptic strictures [6]. The radiographic examination is 
similarly effective in assessing esophageal motility and in 
diagnosing motor disturbance of the esophagus [12]. Ott et 
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al. [8] and Halpert et al. [9] have shown that when the barium 
esophagram is normal in patients with dysphagia, endoscopic 
examination is often unremarkable, except for occasional 
cases of mild esophagitis. In fact, an esophageal motor dis- 
order was the most common cause of dysphagia in these 
reports when the esaphagus was structurally intact by radi- 
ographic and endoscopic examination [8, 9]. 

In summary, radiagraphic examination of the esophagus is 
more sensitive than endoscopy in the detection of lower- 
esophageal mucosal ring. The prone full-column technique 
must be a part of the barium esophagram to optimize radi- 
ographic sensitivity. Radiographic evaluation should be initially 
used in patients with dysphagia and suspected structural 
abnormality of the lower esophagus. If endoscopic examina- 
tion is first performed in such a patient and shows no abnor- 
mality, a barium esophagram is indicated to exclude a lower- 
esophageal narrowing that may have been missed endoscop- 
ically. This is particularly true in patients examined with smaller 
caliber endoscopes. 
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An Alternative Technique for Double-Contrast 
Esophagography (Technical Note) 


Robert R. Tash,’ Marvin Weingarten, and Mark Geller 


Routine double-contrast esophagography using efferves- 
cent materials and high-density barium is well established as 
the most efficient way to evaluate the morphology of the 
esophageal mucosa [1]. Several investigators have attempted 
to obtain a double-contrast esophagram using negative con- 
trast agents other than air. The use of water to distend the 
esophagus for a double-contrast effect was first described by 
Brombart [2] and later modified by Goldstein and Dodd [3]. 
Wiljasalo and Rissanen [4] were the first to describe the use 
of sodium methylcellulose and barium separately to achieve 
a double-contrast esophagram. In their technique [4], the 
patient was placed erect and given a spoonful of Microtrast 
followed by a spoonful of sodium methylcellulose, after which 
the esophagus was filmed in the anteroposterior and both 
oblique projections. The technique we describe is a modifi- 
cation of this technique. 


Technique 


The patient is placed erect in the left posterior oblique projection 
and is given 1 teaspoon of the esophageal cream, E-Z-Paste (E-Z 
EM, Westbury, NY), which is chewed and swallowed slowly. At this 
time the patient is given 200 ml of hydroxypropyl methylcellulose 
(1.00% weight per volume), which has been chilled to increase the 
palatability, to hold in his left hand. He is then given another teaspoon 
of E-Z Paste and is again instructed to chew and swallow it slowly, 
during which time the esophagus is evaluated fluoroscopically for 
mucosal coating. More barium may be given if necessary. When the 
coating is adequate, the patient is instructed to begin drinking the 
methylcellulose. Rapid sequence filming of the upper and lower 
esophagus is performed while the patient is drinking when there is 
maximum distension of the esophagus (Figs. 1 and 2). if additional 
films are warranted, the above procedure is repeated. 


Discussion 


Routine double-contrast esophagography is generally ac- 
cepted as the radiographic method of choice for evaluation of 
the esophageal mucosa. A suboptimal examination may result 
from (1) pooling of barium in the distal esophagus obscuring 





Fig. 1.—Barium-methylcellulose esophagram in æn AIDS patient. Mucosal 
ulcerations and plaques due to Candida esophagitis are seen in proximal and 
middle esophagus (arrows). 

Fig. 2.—Barium-methylcellulose esophagram in different AIDS patient. Mu- 
cosal ulcerations and plaques involve the entire es@hagus, again consistent 
with Candida esophagitis. 
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mucosal detail, making the examination no more effective 
than a full-column study in that area of the esophagus, (2) 
inadequate distension of the esophagus with air because of 
a competent lower-esophageal sphincter, occasionally requir- 
ing IV glucagon or Probanthine (Searle & Co., San Juan, 
Puerto Rico) for relaxation, (3) retention of foam from the 
effervescent agent, which may simulate the appearance of 
the mucosal irregularity seen in esophagitis. The technique 
we describe avoids these problems. Since barium is used 
only for the first mucosal coating, there can be no pooling of 
barium. Adequate distension of the esophagus is nearly al- 
ways achieved as long as the patient is able to drink. Since 
no effervescent agent is used, no artifacts from retained 
granules can occur. A problem that does occasionally arise 
with this technique is dilution and “wash-out” of the first 
barium coating by continuous swallows of methylcellulose as 
well as the patients own saliva. In some cases, this may 
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require repeated coatings to complete the examination. 

The technique described is not meant to replace, but rather 
to serve as an adjunct to, the routine double-contrast exam- 
ination of the esophagus. We have found it helpful in cases 
in which the routine exam is suboptimal because of the 
inherent problems mentioned in the previous paragraph. 
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Retractile Mesenteritis Involving the Colon: Pathologic and 
Radiologic Correlation (Case Report) 


Sang Y. Han,’ Robert E. Koehler,’ Frederick S. Keller,’ Kang-Jey Ho,? and Sandra L. Zornes? 


Retractile mesenteritis is a disease of the mesentery that 
results in fat necrosis, chronic inflammation, and fibrosis [1]. 
It is characterized clinically by abdominal pain, diarrhea, and 
weight loss [2]. It involves the mesentery of both small 
intestine and colon and can occur independently or in asso- 
Ciation with other disorders predisposing to fibrosis, such as 
carcinoid tumor and retroperitoneal fibrosis [3]. 

The etiology of this disorder is unknown. Of various poten- 
tial causes, ischemia of the mesentery has been favored, but 
evidence for this is meager [4]. We studied a patient with 
retractile mesenteritis involving the colon using colonoscopy, 
CT, angiography, and barium enema. The results of these 
studies and the examination of the resected specimen sug- 
gest that retractile mesenteritis is the end result of a compli- 
cated pathologic process that begins with angiomatoid prolif- 
eration, localized intravascular coagulation, ischemia, and 
necrosis and progresses to fibrosis. Ischemia, which repre- 
sents only one stage in the process, may be responsible for 
the colonic change that occurs in the disease. 


Case Report 


A 58-year-old man was admitted with a 4-month history of abdom- 
inal pain, diarrhea, and weight loss. Physical examination revealed a 
tender mass in the left abdomen. On colonoscopy the rectum was 
unremarkable. The mucosa of the sigmoid and descending portions 
of the colon were engorged, edematous, and heaped up, but no 
ulceration was seen. The histology of a biopsy specimen was normal. 

Barium enema examination demonstrated rigidity of the sigmoid 
and descending colon with thickening and distortion of rugal folds on 
the mesenteric border (Fig. 1). In addition, there was a smooth 
extrinsic impression on the medial wall of the descending colon 
presumably caused by thickened mesentery. The appearance of the 
remainder of the colon was normal. CT revealed narrowing of the 
lumen of the involved portions of the colon with marked colonic wall 
thickening. There was a lobulated, low-density mass in the mesentery 
suggesting fatty infiltration (Fig. 2). An inferior mesenteric arteriogram 
showed that the terminal arterial branches were diminished in number 
and constricted, indicating diminished perfusion of the mesentery and 
colonic wall (Fig. 3). Venous drainage was delayed. A second barium 


enema 2 weeks later revealed submucosal edema of the sigmoid and 
descending colon with “thumbprinting.” 

Because of lack of clinical improvement and a tender mass in the 
left lower abdomen, a decision was made to aperate to establish a 
diagnosis. The descending and sigmoid portions of the colon were 
resected with the adjacent mesentery and pericolonic fat. At surgery, 
the thickened, lobulated mesentery was found to form a firm, fatty 
mass with red-brownish discoloration (Fig. 4). 

The mucosa of the resected colon contaimed several areas of 
pseudomembrane formation but was otherwise intact. Microscopic 
examination showed extensive mesenteric fat necrosis characterized 
by xanthogranulomatosis and fibrosis, focal mucosal ulceration, pseu- 
domembrane formation, and submucosal edema. There was a re- 
markable degree of colonic wall thickening. The most striking finding 
was angiomatoid proliferation of vessels in the mesenteric adipose 
tissue, submucosa, and muscular wall of the colon (Fig. 5). Fibrinoid 
necrosis and microthrombi were common in these small vessels 
indicating active intravascular coagulation (Fig. 5). The large arteries 
showed only minimal intimal thickening. 

The patient made an uneventful postoperative recovery and was 
discharged with a diverting colostomy and Hartmann’s pouch. 


Discussion 


The pathology of retractile mesenteritis is thought to be 
mesenteric panniculitis with subsequent fibrosis [5]. Various 
terms have been used to describe these predominant fea- 
tures: primary liposclerosis, mesenteric lipomatosis, mesen- 
teric panniculitis, chronic fibrosing mesenteritis, and mesen- 
teric lipofibromatosis. 

Previously described radiologic features of retractile mes- 
enteritis [3, 6, 7] include narrowing and rigidity of a segment 
of colon with thumbprinting and mesenteric mass. Adjacent 
intestinal loops may be displaced or separated by thickened 
mesentery. Mesenteric fibrosis may cause kinking and angu- 
lation of the intestine. The prominent CT finding is a low- 
density mass with linear strands in the mesentery. Irregularity 
of the mesenteric arterial branches and venous congestion 
have been mentioned as angiographic manifestations. Most 
of these findings were seen in our patient. 
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Fig. 1.— Fhickened distorted mucosal folds on mesenteric border of sigmoid 
and descending colon with smooth extrinsic compression (arrows). 

Fig. 2.—€T demonstrating narrowing of lumen of descending colon with 
thickened colonic wall (arrows) and mass effect in pericolonic area due to 
edematous inflamed fat (arrowheacs). 





The usual clinical presentation of retractile mesenteritis 
consists of:abdominal pain, diarrhea, weight loss, and abdom- 
inal mass. Bowel obstruction may be present, especially when 
the colon is involved. Because of obstruction and radiologic 
findings that may be confused with other inflammatory bowel 
diseases, surgery is sometimes performed to relieve the 
symptoms or to establish a diagnosis. 

Retractile mesenteritis must be differentiated from mesen- 
teric carcinomatosis and lymphoma. Clinical course is helpful 
in this differentiation; in contrast to these disorders, the 
prognosis of retractile mesenteritis is good. The disease may 
be confused with ischemic colitis because of similar radi- 
ographic features on barium enema. Although the thumbprint- 
ing seen in retractile mesenteritis has been found to be due 
to fibrotic areas in the serosa and mesentery [3], in our patient 
it is more likely to represent the submucosal edema as a 
result of ischemia. 

Although a few authors have suggested that ischemia is 
the primary causative factor in retractile mesenteritis [2, 3], 
their assumptions were based on the radiographic features 
of submucesal edema (thumbprinting) and on location, as 
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Fig. 3.—Vasa recta of left colonic branch of inferior mesenteric artery are 
constricted and bifurcate more proximally than usual in relation to air-filled 
colon. Soft-tissue density between air-filled colon and branching vasa recta is 
caused by submucosal edema secondary to ischemia. 


Fig. 4.—Cross section of resected de- 
scending colon shows wall thickening and 
fibro-fatty mass in mesentery. 


Fig. 5.—Angiomatoid proliferation of 
small vessels in muscular wall of colon 
showing intravascular coagulation. (H and 
E, original magnification x300) 


suggested by barium enema findings. Even in reported cases 
with angiographic studies, no correlation was made with 
histologic findings [6, 7]. Histologic examination of the re- 
sected specimen in our case suggests the following patho- 
genesis for retractile mesenteritis: The initial lesion could be 
the localized increase in vascularity of a limited segment of 
intestine and its mesentery. This might be congenital or 
acquired and could predispose to blood-flow stasis. Intravas- 
cular coagulation, another cardinal feature of retractile mes- 
enteritis, might be initiated by bacterial endotoxins absorbed 
from the lumen or other, unidentified factors. Its conse- 
quences include mesenteric ischemia manifested by fat ne- 
crosis, xanthogranulomatosis and fibrosis, mucosal ischemia, 
necrosis, hemorrhages, and liberation of endothelial cell- 
growth factors from platelets [8]. The latter could lead to 
more vascular proliferation and thus create a vicious cycle. 
The radiographic findings described in the present case, 
such as the distortion of mesenteric border of the involved 
segment of the colon on the first barium enema, thumbprinting 
on the second barium enema, and thickened colonic wall and 
mesenteric fatty mass on CT, were quite characteristic of 
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retractile mesenteritis and correlated well with the pathologic 
findings and the proposed pathophysiology. 
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Small-Bowel Diverticulitis: CT 
Findings 





Three patients with subsequently proven small-bowel diverticulitis were studied with 
preoperative CT. In all three cases, an inflammatory mass was present, two involving 
the terminal ileum and cecum and one involving the jejunum. While the findings in the 
two cases of ileal diverticulitis simulated appendicitis, in the case of jejunal diverticulitis 
the diagnosis was suggested on the basis of CT findings. Small-bowel diverticulitis 
should be included in the differential diagnosis if an inflammatory mass involving the 
small bowel is demonstrated on CT. 


CT has become increasingly important in the evaluation of inflammatory diseases 
of the gastrointestinal tract, especially in those diseases with the potential for 
abscess formation: Crohn’s disease [1, 2], appendicitis [3], and diverticulitis [4]. 
Owing to its superiority in demonstrating the extracolonic extent of disease, CT 
has been used as an adjunct and, under certain circumstances, as an alternative 
to barium studies. We present the CT findings in three cases of small-bowel 
diverticulitis, two in the ileum and one in the jejunum. In all three cases, CT 
delineated the location and extent of disease, and in the case of jejunal diverticulitis, 
the diagnosis was suggested preoperatively based on the CT findings. 


Materials and Methods 


The patients were imaged on either a Siemens (Iselin, NJ) DR-3 or a Pfizer (Cambridge, 
MA) AS&E 0500 scanner. The scanning parameters were either 5.2 sec, 450 mAs, and 4- 
mm collimation or 10-sec, 200 mAs, and 10 mm, respectively. The patients received oral 
contrast medium (four divided doses of 250 ml each) over a 90-min period before the 
examination. IV contrast medium (100 ml of 60% hypaque [meglumine diatrizoate]) adminis- 
tered as a drip infusion was used as needed. All patients were scanned at 1.5-cm intervals 
from the diaphragm to the symphysis pubis with additional scans as needed. 


Case 1 


A 50-year-old woman presented with a 1-day history of epigastric pain. On physical 
examination, she was febrile with abdominal tenderness below the umbilicus more marked 
on the left side with questionable rebound. White-blood count was 15,700/mm? with a left 
shift. A plain radiograph of the abdomen was unremarkable. The preliminary diagnosis was 
sigmoid diverticulitis. CT performed to further delineate the extent of disease demonstrated 
an inflammatory mass containing a few small air bubbles involving several loops of jejunum 
in the left-lower quadrant. A contrast-filled diverticulum (Fig. 1) was present in the jejunum 
adjacent to the inflammatory mass, and the diagnosis of jejunal diverticulitis was suggested 
on the basis of the CT findings. A gastrografin enema performed the following day revealed 
extrinsic compression of the distal sigmoid colon with scattered diverticula in the hepatic 
flexure. At surgery a perforated jejunal diverticulum with associated abscess was found, and 
resection with end-to-end small-bowel anastomosis was performed. Gross pathology revealed 
a single perforated jejunal diverticulum with a 3 x 3 x 0.5 cm mesenteric abscess. 
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Fig. 1.—50-year-old woman with left-lower-quadrant pain, which was considered consistent with sigmoid diverticulitis. A, Inflammatory mass adjacent to loops 
of jejunum. A small bubble (arrow) is seen within inflammatory mass. B, Scan 2 cm caudal to image A shows inflammatory mass adjacent to jejunal loop. Small- 
bowel diverticulum suggested (arrow). 


Case 2 


A 46-year-old man presented with a 1-week history of abdominal 
pain. Physical examination revealed right lower quadrant tenderness 
with minimal guarding and a temperature of 38.6°C. The white-blood 
count was 8300/mm*. On clinical grounds, the provisional diagnosis 
was appendicitis. An abdominal radiograph was nonspecific with a 
few air-fluid levels in the transverse colon. CT demonstrated an 
inflammatory process containing air bubbles in the right-lower quad- 
rant that involved the cecum and was thought to represent a sealed- 
off perforation (Fig. 2). A differential diagnosis of appendicitis with 
abscess or a perforated right-sided diverticulum was suggested. 
Gastrografin enema demonstrated mass impression on the medial 
wall of the cecum with serosal spiculation and a persistent air 
collection inferior to the cecum. At surgery, an abscess in the region 
of the cecum was found. An ileocecal resection was performed with 
creation of an ileostomy and mucous fistula. Gross pathology re- 
vealed a perforated ileal diverticulum with an abscess involving the 
mesenteric soft tissues adjacent to the terminal ileum and cecum. 


Case 3 


An 82-year-old man presented with a 2-day history of right lower 
quadrant pain and vomiting. Physical examination revealed right- 
lower-quadrant tenderness. White-blood count was 12,800/mm%. An 
abdominal radiograph was nonspecific with scattered air-fluid levels. 
A preliminary diagnosis of acute appendicitis was made. CT revealed 
an inflammatory mass in the right lower quadrant involving the 
terminal ileum and cecum (Fig. 3). The differential diagnosis was 
appendiceal abscess or sealed off cecal perforation. At surgery, a 
perforated ileal diverticulum was found. An ileocecal resection was 
performed with creation of an end-to-end ileocolostomy. On gross 
pathology, there were multiple ileal diverticula with diverticulitis in- 
volving one diverticulum with perforation and acute peritonitis. 


Results 


The clinical presentation in two of the cases was of appen- 
dicitis and in the third case was of sigmoid diverticulitis. In 
none of the cases was the plain film helpful. Of the two 


gastrografin studies, only one revealed clear signs of inflam- 
matory disease, demonstrating mass impression on the me- 
dial wall of the cecum with serosal spiculation. None of the 
patients had small-bowel studies performed. 

In all three cases CT demonstrated an inflammatory mass, 
in case 1 in the left lower quadrant and in cases 2 and 3 in 
the right lower quadrant. In case 1, with jejunal diverticulitis, 
the inflammatory mass adjacent to a loop of jejunum con- 
tained a small air bubble; superior to the mass, intraluminal 
contrast material demonstrated a single diverticulum. In the 
remaining two cases, with ileal diverticulitis, the inflammatory 
mass was medial to the cecum, contained a moderate amount 
of gas centrally (in one case), and involved the cecum in one 
case and both cecum and terminal ileum in the other. The 
preoperative diagnosis based on clinical and CT findings in 
the first case was small-bowel diverticulitis and in the latter 
two cases appendicitis. 


Discussion 


Diverticulosis of the jejunum and ileum is an uncommon 
entity, with a reported prevalence on conventional barium 
Studies of 0.3-1.9% [5, 6] and at autopsy of 0.3-1.3% [7]. 
However, a recently published study using enterocylsis found 
diverticula of the jejunum and ileum in 2.3% of patients studied 
by this technique [8]. Small-bowel diverticula found inciden- 
tally on small-bowel series or barium enema are usually 
asymptomatic [5, 6]. Acute complications including diverticu- 
litis, perforation, obstruction, and hemorrhage are relatively 
rare, occurring in 6.5-10.4% of patients [9]. 

There are no pathognomonic signs or symptoms of small- 
bowel diverticulitis. The clinical spectrum in reported cases 
varies from intermittent abdominal pain to an acute abdomen 
with leukocytosis and fever [6, 9-15]. In the reported cases 
of ileal diverticulitis, the most common Clinical presentation 
mimicked acute appendicitis [7, 9, 10-12]. 

The diagnosis of small-bowel diverticulitis, therefore, is not 
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Fig. 2.—46-year-old man with a 1-week history of abdominal pain. Physical 
exam was remarkable for right-lower-quadrant tenderness consistent with 
appendicitis. A, Inflammatory process seen in right lower quadrant medial to 





Fig. 3—82-year-old man witk a 2-day history of right-lower-quadrant pain 
radiating to the left lower quadrant. Preliminary diagnosis was appendicitis. 
Inflammatory mass in right lower quadrant involving terminal ileum (arrow) and 
cecum (arrowhead). 


often made preoperatively. In most of the previously reported 
cases of small-bowel diverticulitis, the presumptive diagnosis 
before surgery included perforated ulcer, appendicitis, or CO- 
lonic diverticulitis [9, 11, 12]. There are reports in the surgical 
literature stressing the difficulty of recognizing small-bowel 
diverticula at surgery, including cases where a missed perfo- 
rated diverticulum was responsible for the death of the patient 
[9]. The reported mortality for perforated small-bowel divertic- 
ula is 21-40% [9]. 

Plain-film diagnosis has not been helpful [15]. There are 
only isciated reperts in the literature where barium study 
suggested the diagnosis, with findings including extravasation 
of barium into an abscess cavity adjacent to a diverticulum, 
mucosa! edema and luminal narrowing with associated diver- 
ticula, an omental mass displacing small-bowel loops, and 
serosal changes in the colon [10, 14, 15]. 

In the cases under discussion, CT was performed to look 
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cecum (arrows). B, Scan caudal to A demonstrates mflammatory mass with 
central air bubbles (arrow). This suggested perforation of a viscus, probably 
the appendix or cecum. 


for a possible intraabdominal inflammatory process. The CT 
findings in small-bowel diverticulitis have not previously been 
described. However, the value of CT in the workup of patients 
with other inflammatory diseases of the gastrointestinal tract 
is well documented [1-4, 16, 17]. In inflammatory diseases 
that have the propensity for phlegmon and abscess formation, 
such as Crohn's disease, sigmoid diverticulitis, and appendi- 
citis, CT has proved to be superior to barium studies in 
demonstrating the mural, serosal, and mesenteric extent of 
disease [1-4]. 

When an abscess is present, CT findings may include 
relatively smooth margins, areas of low attenuation within the 
mass, rim enhancement after IV contrast administration, gas 
within the mass, displacement of surrounding structures, anc 
edema of thickening of the surrounding fat or fascial planes 
[3, 16, 17]. Unfortunately, these findings are not specific for 
abscess, as low-attenuation areas may be found in necrotic 
tumor or hematoma, rim enhancement mey be found in neo- 
plasm or phlegmon, and thickening of the fascial planes may 
be seen with neoplastic invasion, hemorrhage, and radiation 
change [3, 16, 17]. The most specific sign of an abscess is 
probably the presence of gas within the mass. However, in 
two reported series evaluating the CT findings in abdominal 
abscesses, gas was found in only two (11%) of 19 patients 
in one series [16] and in 11 (38%) of 29 patients in the other 
[17]. 

In the patient under discussion with jejunal diverticulitis 
(case 1), CT revealed an inflammatory mass containing air 
with edema of the mesentery and intraluminal contrast ma- 
terial outlining an adjacent jejunal diverticulum. Although the 
clinical diagnosis was sigmoid diverticulitis, CT localized the 
inflammatory process to the jejunum, ard the CT findings 
were thought to be suggestive of jejunal diverticulitis. Included 
in the differential diagnosis would be a small-bowel tumor 
with sealed-off perforation, although the findings of a gas- 
containing mass associated with a nearby diverticulum are 
more suggestive of small-bowel diverticulitis. Based on the 
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CT findings, the diagnosis of jejunal diverticulitis was sug- 
gested preoperatively. 

In the two patients with ileal diverticulitis (cases 2 and 3), 
CT revealed an inflammatory process in the right lower quad- 
rant. In both cases, the inflammatory mass was fairly well 
circumscribed, with surrounding edema of the mesentery. In 
case 2, the mass contained gas. The findings in both cases 
were considered consistent with an abscess involving the 
terminal ileum and/or the cecum. The differential diagnosis 
would include appendicitis with abscess, a perforated cecal 
mass, a perforated right-sided diverticulum, Crohn’s disease, 
and ileal diverticulitis. In both cases, the clinical diagnosis was 
appendicitis. Although the CT scan in each case localized the 
inflammatory process to the right lower quadrant, it was not 
possible to make a definitive preoperative diagnosis of small- 
bowel diverticulitis based on the CT findings, as the findings 
mimicked those of an appendiceal abscess or an abscess 
associated with inflammatory bowel disease. 

While diverticulitis of the small bowel is a rare cause of 
inflammatory disease of the gastrointestinal tract, this condi- 
tion is associated with a high mortality, which in part is due 
to a delay in the correct diagnosis. The CT findings in jejunal 
diverticulitis, although not specific, may suggest this diagno- 
sis. The CT findings in ileal diverticulitis can probably not be 
differentiated from those of other inflammatory processes in 
the right lower quadrant. Diverticulitis of the small bowel 
should be included in the differential diagnosis of intraabdom- 
inal inflammatory processes. 
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Interstitial Radiation Therapy 
for Hepatic Metastases: 
Sonographic Guidance for Applicator 


Placement 





A new technique is reported for the treatment of hepatic metastases using sonogra- 
phy-directed percutaneous placement of a 14-gauge needle appicator and a high- 
intensity “remote afterloading” iridium-192 (Ir-192) source for interstitia! radiation ther- 
apy. The results with six patients show that the procedure is easily performed, patient 
tolerance is good, and there is minimal disruption of the patient’s litestyle. Hospitaliza- 
tions have been less than 24 hr. Partial response or stable disease in the liver was 
observed in all six patients. Tumoricidal doses up to 5000 rad (cGy) in a single treatment 
with durations from 7 to 41 min were achieved in small volumes (<25 cm?) with no 
clinically significant toxicity on follow-up evaluations from 2-6 morths. The technique 
appears to ablate discrete metastatic tumor deposits in the liver. 


Liver metastases from colorectal carcinoma occur frequertly and with few 
exceptions are considered incurable [1, 2]. Adson et al. [3], Fortner et al. [4], and 
others [5] have reported a series of patients in whom long-term palliation and/or 
cure were achieved by surgical resection. One-fourth of these highly selected 
patients can be free of disease at 5 years, but these candidates for “curative” 
resection constitute only 5% of all patients with hepatic metastasis [3, 6]. In 
addition, a laparotomy is required with its associated risks of anesthesia, periop- 
erative mortality and morbidity, and the inconvenience of hosritalization. This is 
not an attractive option for patients in whom the probability of é cure is low or for 
whom surgery carries a high risk. Other approaches to the treatment of hepatic 
metastases have been strictly palliative in nature and include chemotherapy [7], 
hepatic artery ligation [8], and radiation therapy [9-11]. 

Hepatic irradiation for metastatic colorectal cancer presents a unique dilemma: 
a radioresistant tumor situated in the relatively radiosensitive hepatic parenchyma. 
Hepatic excursions due to respiratory motion provide a further proolem for high- 
dose, small-volume, external irradiation. However, interstitial radiation therapy 
offers an opportunity for improved dose distribution. The high-dose irradiated 
volume can conform more closely to the tumor volume. Normal tsssues are thereby 
spared, while high doses can be achieved within the tumor. 

Several problems associated with treatment of hepatic metastasis with radiation 
therapy could be avoided by the use of a percutaneous interstitial procedure with 
or without a limited dose of external beam-boost radiation [12]. We initiated a 
Clinical trial to determine the feasibility and safety of interstitial radiotherapy using 
the Gamma Med II (Mick Radio-Nuclear Instruments, Bronx, New York) remote 
afterloading irradiator [13, 14] placed under sonographic guidance. This report 
describes the technique and reviews the results of a clinical phase-l pilot study. 


Materials and Methods 


Patients with histologically proven carcinoma of the colon with evidence of hepatic 
metastasis on CT and/or sonography were eligible for the study. In fve, histologic proof 
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consisted of biopsy of a hepatic lesion, and in one, metastatic disease 
was confirmed in the spine. Liver metastases were detected by serial 
CT scans showing a lesion enlarging from 2.5 to 4.9 cm by the time 
of referral for the radiation procedure. One patient with a tumor in 
close proximity to the porta hepatis and one with a tumor high under 
the dome of the diaphragm were excluded because of anticipated 
technical inaccessibility or excessive risk. 

In five patients the metastatic disease was in the right lobe of the 
liver, and in one, it was in the left lobe. Tumor maximum diameters 
ranged from 2.0 to 9.5 cm. Figure 1 shows the sonographic image 
with the needle applicator in the medial aspect of a tumor. 

Liver-function studies were obtained on admission, before the 
procedure, the day after, and 1 month after treatment. 

Figure 2 illustrates CT localization of the center of a tumor for 
correlation with sonography. Because of the need to traverse the 
diaphragm, both CT and sonography were used for safe and accurate 
needle placement. The figure also shows the radiation-dose distri- 
bution superimposed on a CT image, indicating the high dose 
achieved in the tumor volume and rapid drop-off of radiation dose as 
a function of distance from the center (inverse-square law). All patients 
had sonography and CT. CT scans were used for treatment planning, 
while sonography was used for actual needle-applicator placement. 
Minimum tumor doses were prescribed to the tumor periphery as 
identified on CT. Dose escalations were performed in the first three 
patients starting at 8 Gy. 

Closed-ended needles with a 45° beveled end and a 2.1-mm 
diameter (14-gauge) in lengths of 15, 20, and 25 cm suitable for 
attachment to the Gamma Med II medical irradiator were used. Figure 
3 shows a cross-sectional diagram of the needle applicator with the 
iridium source and cable in position. The irradiator is a computer- 
controlled remote afterloading unit with a nominal 10-Ci (370-GBq) 
Ir-192 source, 1 mm long and 1 mm in diameter. Up to 20 source 
positions with individual dwell times can be programmed in the 
applicator needle at selected spacings of 1 to 10 mm. Percutaneous 
needle placement under sonographic guidance was achieved using 
the ATL Mark 100 real-time sector scanner (Advanced Technology 
Laboratories, Bellevue, WA) with a transducer operating at 3.0 MHz 
and needle guidance apparatus attached to the transducer housing. 
The procedure is essentially that described previously for fine-needle 
biopsy [12]. 

Afterloading needle-applicator placement was done in a linear- 
accelerator room, which is shielded for a 10-MV photon beam and 
provides adequate shielding for Ir-192 sources. Sterile technique and 
1% xylocaine local anesthesia were used. The exposed end of the 
needle was allowed to move without restriction with respirations. 
Sonographic monitoring of the position of the needle-applicator tip in 
relation to the tumor volume was performed for several respirations 
to assure stable placement. The source guide tube from the Gamma 
Med II apparatus was then attached to the needle applicator, and the 
radiation procedure was cycled from a remote-control area by a 
preprogrammed computer to achieve the desired dose. The amount 
of time the patient was isolated in the treatment room with the needle 
in position in the liver ranged from 7 to 41 min depending on the 
radiation dose, volume, and current source activity. The depth of 
needle placement into the liver ranged from 8 to 15 cm. 

Closed-circuit TV monitoring and verbal contact were maintained 
throughout the irradiation procedure. The patients were observed in 
the hospital overnight, then discharged if their blood count was stable 
and if there was no evidence of a subcapsular hematoma on sonog- 
raphy. The central axis of the tumor volume was tatooed orthogonally 
on the patient's skin to allow for field localization with small-field 
external radiation. The first three patients received external radiation 
boosts of 20 Gy in 10 treatments during the dose-escalation phase 
of the study. Subsequently, when larger interstitial doses were deliv- 
ered, the external beam was discontinued. 
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Fig. 1.—Sonogram showing needle applicator in position in tumor volume 
of 58-year-old man with large solitary hepatic metastasis from carcinoma of 
sigmoid colon. Large arrowheads point to echogenic metastatic lesion in right 
lobe of liver. Entire needle is visible (small arrowheads). Note tip is at distal 
edge of metastatic lesion. 


CT and sonography provided the necessary information on the 
size and shape of the tumor volume to be irradiated and permitted 
planning of the radiation delivery technique. Since this was a clinical- 
feasibility (phase-l) pilot study to determine the safety of the proce- 
dure, a single needle placement was used at each session. In cases 
for which a larger treatment volume was required, two separate 
needle placements at 2- to 4-week intervals were performed. 


Results 


The procedure was performed safely 11 times in six pa- 
tients. Hepatic tumor regression of 25% was observed in one 
patient (sonographically), and the tumor remained stable in 
size in five patients on a CT study done 1 month after 
treatment. The value of CT in the follow-up of these patients 
is uncertain since the changes that occur after large interstitial 
radiation doses have not been fully studied. In general, an 
area of edema in hepatic parenchyma appears the week after 
treatment, with no apparent change on subsequent CT scans. 

All patients tolerated the procedure well with no significant 
complications noted on follow-up from 2 to 6 months. One 
patient experienced nausea and vomiting for 2 hr after treat- 
ment, and one had transient borderline liver-enzyme eleva- 
tions the week after treatment that returned to baseline at 1 
month. 


Discussion 


Interstitial radiation implantation for the treatment of liver 
metastasis has a strong rationale, because a high radiation 
dose is achieved within the tumor volume and the radiation 
dose to adjacent normal hepatic parenchyma is limited. Small 
areas of necrosis in the tumor may be tolerated clinically, as 
suggested by results of hepatic artery ligation for metastatic 
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Fig. 2.—A, CT can help identify center 
of tumor for use in conjunction with so- 
nography for needie-applicator place- 
ment. B, Example of radiation-dose dis- 
tribution from single interstitial Ir-192 
source position. 
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Fig. 3.—Sehematic cross-sectional view of 14-gauge needle applicator with 
radioactive (Ir-192) source in place. 


disease [15, 16]. The availability of real-time sonography for 
needle-applicator placement and afterloading tiny, high-inten- 
sity Ir-192 sources has made the technique feasible. Implan- 
tation with low-intensity seeds (I-125, AU-198) has the dis- 
advantage of requiring multiple-needie-and-seed placements 
and in practice may be more difficult to perform with less 
control over the dosimetry. 

We have performed percutaneous treatment of liver metas- 
tasis with interstitial radiation easily and safely in selected 
patients using sonographic guidance and CT scans for radia- 
tion treatment planning. Large single doses can be achieved 
in small volumes without acute complications. Based on time- 
dose-fractionation calculations, a radiation dose of 2000 cGy 
in a single treatment is biologically equivalent to a dose of 
9060 cGy in 200 cGy fractions at 5 fractions/week. This is 
well above the doses accepted as sufficient to control aden- 
ocarcinoma in other anatomic sites. In addition, doses of 5000 
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rad (cGy) in a single treatment were delivered to volumes up 
to 25 cm. Therefore, we believe that a tumoricidal dose can 
be easily achieved in these volumes. The number of patients 
in this series is insufficient to draw conclusions about tumor 
control, other than the observation that stabilization or de- 
crease in tumor size was observed in all six patients in the 2- 
to 6-month follow-up. 

We do not contend that this procedure should be used in 
cases where hepatic resection is applicable. However, in 
patients in whom multiple small metastatic deposits are un- 
resectable, or those in whom extrahepatic metastases are 
likely, interstitial radiation offers an alternative for palliation 
with low morbidity. The ability to perform interstitial treatment 
safely and to achieve doses of 1000 to 5000 cGy in a single 
treatment indicate the potential to ablate these tumors. Fur- 
ther clinical trials are in progress to study the application of 
interstitial radiation therapy in combination with other tech- 
niques for the treatment of patients with hepatic metastasis. 
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CT and Sonography of Multiple Bile-Duct Hamartomas 
Simulating Malignant Liver Disease (Case Report) 


Danny Eisenberg,’ Lawrence Hurwitz,’ and Albert C. Yu’ 


Multiple bile-duct hamartomas are a relatively common 
incidental autopsy finding [1], yet they are almost unknown 
in the radiologic literature [2]. We present a case of this 
benign entity that resembled malignant disease on both CT 
and sonography. 


Case Report 


A 70-year-old black man presented with a 2-year history of right- 
upper-quadrant pain without weight loss. Past history included es- 
sential hypertension, chronic obstructive lung disease, alcoholism, 
and vagotomy and pyloroplasty for peptic ulcer. 

Physical examination and laboratory findings were unremarkable 
except for mild elevation of liver enzymes. Chest radiograph, barium 
enema, upper gastrointestinal series, excretory urogram, and upper 
panendoscopy were all negative for malignancy. Sonography (Fig. 1) 
and CT (Fig. 2) of the liver demonstrated multiple irregular hypoechoic 
and hypodense structures, respectively, measuring up to 1 cmin size 
and situated in both lobes of the liver. In addition, larger round and 
smooth typical liver cysts were also visualized. Using sonography, a 
biopsy of the posterior right lobe of the liver was obtained with a 14- 
gauge Tru-Cut needle (Travenol Lab, Inc, Deerfield, IL). It demon- 
strated multiple cystic structures located by the portal zones that 
were lined with bile-duct epithelium and embedded in a fibrous 
stroma. Most of these dilated ducts measured 100-200 um (0.1-0.2 
mm) in diameter (Fig. 3A). Some were larger (Fig. 3B), measuring the 
maximum size obtainable from a Tru-Cut biopsy specimen—2 mm 
(2000 um). A diagnosis of multiple bile-duct hamartomas or von 
Meyenburg complexes was made. Repeat CT, sonography, and 
biopsy of the liver 6 months later demonstrated identical findings. At 
follow-up 1 year after the initial workup, the patient was well and 
without evidence of malignancy. 


Discussion 


A bile-duct hamartoma, also known as von Meyenburg 
complex, is a proliferation of bile ducts lined by normal- 
appearing epithelium set in a fibrous stroma that Is frequently 
hyalinized [1]. Bile-duct hamartoma should not be confused 
with mesenchymal hamartoma of the liver, which is a com- 
pletely different and larger growth found in infants [3]. Histo- 
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logic reconstruction [1, 4] of this lesion reveals that each 
hamartoma contains a single ramified lumen. Some authors 
[1] believe that there is no communication to the biliary 
system, although a recent report [4] states that such a 
communication does exist and that it obliterates over a period 
of time. In any case, when communication does exist it is 
microscopic and not widely patent as in Caroli’s disease. 

Bile-duct hamartoma is well known in the pathologic litera- 
ture [1, 5] and was an incidental finding in 0.5% of 2000 
biopsies [1] and in 2.8% of 707 autopsies [1]. The size of 
these cystic structures usually ranges from 0.01 to 0.5 cm 
[1, 4, 5], although occasionally they may be as large as 1 cm 
[5]. Macroscopically, they appear as grayish or black nodules. 

There is a well-known association between multiple bile- 
duct hamartoma and polycystic liver disease. In a series of 
70 cases of polycystic liver disease found at autopsy, Melnick 
[6] found 29 cases of coexisting multiple bile-duct hamarto- 
mas. One theory is that the bile-duct hamartoma arises when 
embryonic bile ducts fail to involute, and that the larger cysts 
of polycystic liver disease result from gradual dilatation of the 
hamartomas. Ohto and Vshio [4] hypothesize that as a result 
of this cystic dilatation, obliteration of the communication to 
the biliary system Occurs. 

Most authors [1, 5] believe that neoplastic transformation 
of bile-duct hamartoma does not occur. However, one report 
[7] describes two cases of benign adenomatous transforma- 
tion and one case of adenocarcinoma originating from the site 
of a bile-duct hamartoma. This last case is debatable, since 
there was concurrent adenocarcinoma of the pancreas that 
was Of different histologic appearance. 

We could find only one reference to bile-duct hamartoma 
in the radiologic literature [2]. The authors described its 
angiographic appearance as including “multiple areas of ab- 
normal vascularity approximately 1 cm in diameter persisting 
into the venous phase. In several areas they took the form of 
grape-like clusters of small rings 2-3 mm in diameter. Tumor 
vessels, laking and arteriovenous shunting were not ob- 
served.” 

The CT and sonographic findings in the current report and 
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the angiographic findings in the previous report are rare, 
extensive, macroscopic manifestations of a common, pre- 
dominantly microscopic entity, accounting for its more fre- 
quent recognition in the pathologic literature. This presenta- 
tion on sonography, CT, or at surgery suggests the diagnosis 
of diffuse primary or secondary malignant liver disease. Evi- 
dence in favor of the diagnosis of multiple bile-duct hamarto- 
mas includes the relative well-being of the patient, the ab- 
sence of laboratory evidence of malignancy, the coexistence 
of polycystic liver disease, and the lack of progression upon 
follow-up. All these were found in the case reported. Definitive 
diagnosis is achieved by biopsy of the liver. 

Bile-duct hamartoma, in its atypical multiple and macro- 
scopic form, may theoretically coexist with malignant disease 
elsewhere in the body. Therefore, it should be considered and 
recognized, since diagnosing it and ruling out metastatic 
disease may alter the treatment and subsequent course of a 
disease. 


a: 
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Fig. 1.—Transverse sonogram 
through right lobe of liver. Scattered hy- 
poechoic lesions measuring up to 0.5 cm 
in diameter (arrows). 


Fig. 2.—Contrast-enhanced CT of 
night lobe of liver. Multiple irregular hypo- 
dense lesions of variable sizes up to 1 cm 
in diameter. Note larger, rounded typical 
liver cysts. 


Fig. 3.—Low-power view of entire 
width of wedge liver biopsy. A, Typical 
(0.1-0.2 mm) hamartomas. B, Larger (2- 
mm) hamartoma (arrows). Partial collapse 
of lesion due to preparation. 
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Pancreatic Pseudomass Caused by the Second Portion of 
the Duodenum: A Pitfall During Water-Aided Sonography 
(Technical Note) 


J. Odo Op den Orth’ 


The well-known pseudomasses caused by the first and 
second duodenum [1], which may complicate pancreatic so- 
nography, can usually be identified after oral water adminis- 
tration. Water administration may also allow the fluid-filled 
duodenum to outline the pancreatic head [2-6]. The medial 
aspect of the first duodenum generally delineates the anter- 
olateral part of the pancreatic head. Occasionally, however, 
the proximal second duodenum is medial to the first duo- 
denum. Failure to recognize juxtaposition of the first and 
second duodenum may result in an incorrect sonographic 
diagnosis. The following case report describes a pseudomass 
medial to the first duodenum and caused by the proximal 
second duodenum. 


Representative Case Report 


A 35-year-old woman was referred for upper abdominal sonogra- 
phy to exclude pancreatic disease. Conventional sonography re- 
vealed no abnormalities, but the lateral aspect of the pancreatic head 
could not be delineated. 

After the patient ingested 500 ml water and received 0.3 mg 
glucagon IV, scanning in the right lateral decubitus position displayed 
the distal stomach and first duodenum clearly. An area with an 
irregular echotexture and a diameter of approximately 2.5 cm was 
revealed (Fig. 1A) medial to the first duodenum and ventral to the 
right kidney. 

The sonographic report concluded that a mass probably existed 
in the head of the pancreas. Double-contrast hypotonic duodenog- 
raphy to exclude a duodenal diverticulum and CT scan was advised. 

The supine hypotonic duodenogram in the left posterior oblique 
position showed neither indentation nor duodenal diverticulum. The 
CT scan demonstrated a normal pancreatic head (Fig. 1B); medial to 
the top of the first duodenum and ventral to the right kidney, a 
partially contrast-filled part of the second duodenum appeared. It 
could explain the (pseudo)mass on the sonogram. Review of the 
sonograms revealed films that helped to clarify the condition (Fig. 
1C). 


Discussion 


The first part of the duodenum, which is freely movable 
because of its intraperitoneal location, usually lies at the 
anterolateral border of the head of the pancreas. A more 
lateral and dorsal location—a normal variant—is occasionally 
observed at barium examinations. In these cases, instead of 
the pancreatic head, the proximal second duocenum lies at 
the medial aspect of the first duodenum, and it may simulate 
a mass in the pancreatic head during sonography. 

Employing a previously described technique [7] of pan- 
creatic scanning in the right lateral decubitus position after 
water and glucagon administration, we have observed 11 
cases of such pseudomasses in approximately 1000 consec- 
utive patients. An incorrect sonographic diagnosis, similar to 
the one described in this report, was also made in another 
patient. In that case, the condition was clarified at a repeat 
sonographic examination after a CT scan had shown a normal 
pancreatic head. In the other nine patients, who were 
observed after these two, the pseudomass was correctly 
identified at the first sonographic examination. After a 
(pseudo)mass medial to the first duodenum was revealed, 
careful monitoring using real-time generally led to the recog- 
nition of the second duodenum. In cases of persistent nonfill- 
ing of the second duodenum the following maneuver proved 
useful. The table-top was raised about 40°; the patient was 
asked to turn nearly prone and to cough vigorously several 
times. After the patient had turned back to right lateral decu- 
bitus, the fluid-filled second duodenum could usually be seen 
clearly. In four of these nine cases, anteroposterior or poster- 
oanterior films in the prone or supine position were available; 
three of these four demonstrated juxtaposition of the first and 
second duodenum (Fig. 2). In the fourth case, this juxtaposi- 
tion became apparent only on a right-lateral-decubitus, hori- 
zontal-beam film. 
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Morphologic and Functional 
Changes in the Kidney After 
Percutaneous Nephrosto- 
Lithotomy 





Morphology and function of the kidney were studied before and after percutaneous 
stone extraction in 33 patients with unilateral calculus disease to assess damage 
secondary to the extraction procedures. Anatomic changes were studied using excretory 
urography before the procedure and at 3 to 6 months postoperatively, and using 
nephrostograms and noncontrast nephrotomograms several days after the procedure. 
Renal function was evaluated with radionuclide renography both before surgery and at 
either 4 to 6 weeks or about 1 year postoperatively. Six patients had early changes 
detected clinically and with nephrostograms, but only three of these had abnormalities 
on delayed excretory urography. Significant changes in renal function were found only 
in those patients who had clinically detectable complications (p < 0.05), in one case 
before symptoms were manifest. 


The percutaneous removal of renal calculi is becoming an increasingly popular 
alternative to conventional open nephrolithotomy because it is safe and effective. 
The short-term results of the two techniques are similar, but the newer procedure 
has several distinct advantages, including a lower morbidity and a shorter recovery 
period [1, 2]. Between April 1982 and March 1985, 529 such procedures were 
performed at our institution. 

Several recent reports have appeared in the literature investigating changes in 
structure and function after percutaneous stone removal [3-9]. None of these, 
however, has attempted to separate the effects of relief of obstructive nephropathy 
from those of the intervention on the kidney itself. To do this, a prospective study 
was undertaken in patients with nonobstructing calculi who were referred for 
percutaneous nephrolithotomy [10, 11]. The effects of the patient's age, the number 
of nephrostomy tracts, the amount of elapsed time until the follow-up study, and 
the presence or absence of complications on the degree of functional changes 
were investigated. Anatomic changes were studied using excretory urography and 
nephrostograms, and functional changes were evaluated by radionuclide proce- 
dures. The role of radionuclide renography in the evaluation of renal function after 
percutaneous nephrosto-lithotomy was also defined. 


Materials and Methods 
Patient Selection 


Since April 1982, all pyeloureteral stones have been managed initially by percutaneous 
means at our hospital. The indications for this procedure were the same as ‘hose for open 
pyelolithotomy. Radiographic and functional analyses were carried out on ©3 consecutive 
patients (18 men, 15 women) with unilateral disease and preserved renal function as 
determined by normal preoperative blood urea nitrogen and creatinine. The patients ranged 
in age from 26 to 70 years. Individuals with a history of previous surgery, renal scarring, or 
staghorn calculi were excluded. All patients underwent morphologic and functional analyses 
both before and after calculus removal, thus serving as their own controls. 
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Morphologic Analysis 


Each patient was studied with excretory urography and linear 
tomography both before and 3 to 6 months after the procedure. 
Noncontrast nephrotomograms and nephrostograms were also ob- 
tained several days after the extraction. All radiographic studies were 
reviewed by an experienced uroradiologist without knowledge of the 
history and clinical course of the patient. The preoperative excretory 
urogram was used to study the collecting system and parenchymal 
morphology. Nephrotomograms were carefully examined for the pres- 
ence of cortical scar or other renal parenchymal damage. Follow-up 
Studies were performed to search for delayed complications as well 
as for resolution of abnormalities seen previously. 


Renographic Analysis 


Patients were studied both several days before insertion of the 
nephrostomy and at varying times after stone extraction, usually at 
either 4-6 weeks or at about 1 year. Radionuclide renography was 
performed after the IV administration of 15 mCi (555 MBq) Tc-99m 
DTPA. The examinations were performed with the patient in the 
prone position on a large-field-of-view gamma camera equipped with 
a high-resolution, parallel-hole collimator. The studies were stored 
digitally as 64 20-sec sequential images on a dedicated nuclear 
medicine minicomputer system in 64 x 64 matrix. Follow-up studies 
were always obtained on the same instrument as the preoperative 
evaluation. 

The processing of data was carried out by a nuclear physician who 
was experienced in the use of the analysis program and who had no 
knowledge of the patients’ history, side of operation, amount of 
manipulation, and clinical course. Regions of interest were defined 
for the whole kidney and intrarenal collecting system. A region of 
interest of the cortex was generated by the computer as that area 
included within the kidney that was not part of the collecting system. 
The percentage of total renal or cortical function contributed by the 
operated side was recorded from background-corrected curves of 
these areas at 3 to 5 min or less for the whole kidney, and at the 
peak of the activity curve for the cortex. Selection of the times used 
for ratio generation was always based on the normal kidney curve. 
The postoperative studies were analyzed using the regions of interest 
generated preoperatively. 

Data on 33 patients who had completed the entire protocol were 
examined, and the mean function for the involved kidneys preopera- 
tively was calculated and compared with that obtained postopera- 
tively. In addition, the percentage change after lithotomy in each 
patient was computed and was compared with that of the group 
taken as a whole. The patients were then subdivided according to 
age, time elapsed between studies, number of nephrostomy tracts 
created, and the presence or absence of subsequent clinical compli- 
cations; and the results were studied in each group. The mean 
postoperative changes were analyzed using the Rank Sum Test of 
Wilcoxon to determine if there were any statistically significant differ- 
ences related to these factors. 


Results 
Morphologic Analysis 


No significant morphologic changes were seen in patients 
with uncomplicated extractions. Patients who had either com- 
plex stones requiring extensive manipulation for removal or 
large calculi fragmented with ultrasonic lithotripsy had mu- 
cosal edema on nephrostograms obtained within 2 to 3 days 
postoperatively [11]. This change was noted to occur only on 
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TABLE 1: Morphologic Data Summary 
SS 


No. of Patients 





No. of 








Location of Stone Patients Early ese 
Complications® oi EP 
Renal pelvis 16 3 1 
Calyceal 10 0 0 
Upper ureter 4 1 1 
Multiple stones" 3 2 1 
Totals 33 6 3 


* Complications detected within first 2 days by radiographic or clinical means. 

P Changes detected on delayed studies, usually excretory uregraphy (EU). 

“Patients in this category had more than one stone, which may have been located in 
several of the areas. These patients are generally at a higher risk of complications. 


the early examinations and was not associated with clinically 
significant postoperative morbidity. 

Table 1 summarizes the frequency of complications in the 
immediate postoperative period by location of the stone as 
well as by the number of patients exhibiting delayed changes 
on excretory urography. Of the patients with stones in the 
renal pelvis, two had extravasation demonstrated on the 
postoperative nephrostogram, and one developed a pseudo- 
aneurysm resulting in parenchymal distortion and cortical 
scarring. The collecting system of one patient with a stone in 
the proximal ureter was perforated, and a stricture eventually 
developed at the ureteropelvic junction; two patients with 
multiple calculi had bleeding requiring transfusion. One hem- 
orrhage resulted in subcapsular hematoma. 


Renographic Analysis 


As was previously reported [10, 11], when the group was 
considered as a whole, no significant functional change was 
found in the kidney after stone extraction. Cortical functional 
measurements were seen to parallel those of the whole kidney 
in most cases. A majority of patients experienced slight 
decreases in function, but the magnitude of these changes 
was small in most instances (Table 2). 

The data for the renal function in the subgroups based on 
the patients’ ages, elapsed time between calculus extraction 
and the follow-up study, number of nephrostomy tracts, and 
complications are shown in Table 3. The data indicate slight 
decreases in function in the group studied less than 90 days 
postoperatively compared with those studied later, suggest- 
ing the presence of transient damage. These changes, how- 
ever, were not statistically significant. When analyzed using 
the Rank Sum Test, only the group who had experienced 
complications were seen to differ from the others at the 5% 
level of significance. Of the six patients in this group, four had 
decreased function, including all three with persistent mor- 
phologic changes. The presence of a complication was first 
detected by renography in one of these cases. One of the 
patients who experienced bleeding seemed to show slight 
postoperative improvement, but only in whole-kidney func- 
tion; while one patient with extravasation from the collecting 
system had no functional change, but had an obvious leak of 
radionuclide into the nephrostomy tract on delayed images. 
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TABLE 2: Analyses of Renal Function 


RENAL CHANGES AFTER NEPHROSTO-LITHOTOMY 285 


Function Contributed by Operated Kidney? (%) 














Case Garner Age Operated Elapsed 
No. (years) Side Days* Kidney Preop. Kidney Postop. Cortex Preop. Cortex Postop. 
1 F 57 R 97 91 49 50 49 
2 F 50 L 34 42 37 44 38 
3 F 50 R 34 37 45 39 39 
4° F 38 R 41 44 21 36 18 
$ M 70 R 69 59 56 60 58 
6 M 58 L 41 47 50 47 51 
Fi F 43 L 41 54 50 58 53 
8° M 47 R 164 66 57 61 60 
9° F 41 R 43 51 55 50 58 
10 M 46 R 42 41 39 38 37 
11 F 29 L 43 51 52 44 51 
12° M 70 a 92 42 53 51 47 
13 M 44 R 40 50 49 53 49 
14° M 58 R 76 59 35 52 42 
15 F 67 R 41 45 44 47 36 
16 F 46 R 41 47 53 42 54 
17" F 47 R 63 52 50 53 50 
18 M 51 L 56 7 20 8 20 
19 M 40 L 42 53 50 49 50 
20° F 36 R 50 49 12 42 21 
21 M 64 is 42 46 44 48 44 
22 M 59 L 34 50 49 50 49 
23 M 63 R 42 51 50 52 60 
24 F 65 R 42 61 57 59 50 
25° F 38 L 361 27 27 26 27 
26° M 26 R 47 37 38 36 38 
27 M 55 L 34 26 24 22 17 
28° F 66 L 342 45 44 44 46 
29° M 52 R 322 43 48 50 of 
30 M 43 R 357 60 51 57 50 
31°° M 47 R 323 38 31 46 33 
32° F 67 R 319 47 54 46 54 
33 M 65 A 377 45 54 42 59 


Mean 


46.15 + 11.23 43.88 + 11.89° 45.52 + 11.06 44.39 + 12.55' 


eee 


Note.—R = right; L = left. 
* Elapsed time between surgery and exam (days). 


> Percentage total kidney or cortical function contributed by operated kidney. 


€ Presence of complications. 

á Presence of multiple nephrostomies. 

e Mean functional change of kidney: —2.27 + 9.98. 
‘Mean functional change of cortex: —1.12 + 8.45. 


TABLE 3: Renal Function in Relation to Clinical Parameters’ 


ee m o a Á 





No. of Kidney Cortex 
Patients Function (%) Function (%) 
Patient age{years) 
<50 17 —4 82 —2.82 
>50 16 0.44 0.69 
Time to ressudy” 
<90 24 —3.38 —1.96 
>90 9 0.67 1.11 
Number of tracts? 
Single 25 —2.88 —1.84 
Multiple 8 —0.38 1.13 
Postop. course® 
No compscations 27 0.15 1.00 
Complications® 6 —13.17 —10.67 


es __ 
a Values expressed as change in percent total function postoperatively. 
> Number omdays postop. before follow-up renography. 
€ Number ofnephrostomy tracts established to remove stone. 
4 Presence ar absence of complications (see text). 
e p < 0.05. 


Discussion 


This study was undertaken to determine whether morpho- 
logic or functional changes were caused by the percutaneous 
stone removal procedures themselves. Radiologic studies 
such as excretory urography, nephrostography, and nephro- 
tomography give morphologic information but ara not sensi- 
tive to functional changes. Renogram studies ar2 not useful 
in studying anatomy, but are excellent indicators of renal 
function. The results correlate well with such measures of 
renal function as the glomerular filtration rate and the creati- 
nine clearance [12]. Ratios of renal function based on time- 
activity curves give equivalent results whether the radiophar- 
maceutical used is a glomerular agent such as Tc-99m DTPA, 
a tubular agent such as I-131 orthoiodohippuran, or a cortical 
agent such as Tc-99m DMSA or Tc-99m glucoheptonate [13, 
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14]. Tc-99m DTPA was used because it was readily available 
and because it produces consistently excellent images. 

Morphologically, no significant change was observed after 
uneventful stone extractions, but mucosal edema was found 
in those patients requiring excessive manipulation or ultra- 
sonic lithotripsy during stone removal. Permanent anatomic 
change was found only in those six patients who sustained 
some complication during the procedure. The changes found 
included parenchymal distortion due to subcapsular hema- 
toma or pseudoaneurysm formation, and ureteral stricture. 

Although there was no statistically significant change in 
renal function demonstrated in the group of 33 patients as a 
whole, in the subgroup with postoperative complications, all 
but one of the patients did exhibit decreased function either 
in the whole kidney or in cortical regions of interest (or both). 
The mean postoperative changes in this group were signifi- 
cantly different (o < 0.05) from the other patients. One of 
these patients was asymptomatic at the time of follow-up 
done 7 weeks after stone removal. On the basis of these 
results, the patient was returned for early reevaluation. A 
ureteropelvic junction stricture was discovered and success- 
fully stented. This points out the potential advantage of the 
routine use of radionuclide renography in the early identifica- 
tion of functionally significant complications in those patients 
who have undergone nephrolithotomy. There were no signif- 
icant differences (p > 0.05) on the basis of patient age, 
number of nephrostomy tracts, or elapsed time before follow- 
up Study, although the data did suggest transiently decreased 
function soon after stone removal (Table 3). 

In recent years, several studies using various radionuclide 
methods have investigated changes in the operated kidney 
after percutaneous stone removal. The results showed either 
no significant change [9] or slightly improved postoperative 
function [4, 5, 7]. One study of iatrogenically created calculus 
disease in dogs showed no anatomic changes aside from 
mild scarring at the nephrostomy site [8]. 

To our knowledge, this is the first study designed to sepa- 
rate the effects of stone removal on renal function from the 
effects of the intervention itself. This was achieved by select- 
ing patients with relatively preserved renal function and study- 
ing them as soon after surgery as possible. This may account 
for the discrepancy between our data and those of others [4, 
5, 7]. It is possible that other authors have waited longer 
before performing the postoperative analyses or have chosen 
patients with more severely impaired kidneys who would 
presumably gain the most from having their stones removed. 
In the present study, patients who were examined after more 
time had elapsed following stone removal had somewhat 
better function, most likely secondary to healing of transient 
effects of the operation. The improvement of severe functional 
impairment may have been a factor in the results reported by 
Mayo et al. [6], which showed improvement in a subgroup of 
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12 patients with infected stones, but not in uncomplicated 
cases. 

In conclusion, no significant functional or morphologic 
changes were observed after percutaneous stone removal 
except in patients who sustained intraoperative complications 
during extraction of complex stones. The patients involved 
were readily identified by radionuclide renography done within 
4-6 weeks after surgery, and could form the basis for select- 
ing patients for follow-up using more invasive radiographic 
procedures. 
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Scrotal Cystocele with Bladder Calculi (Case Report) 


Michae! P. Postma’ and Robert Smith 


Scrotal cystocele, which involves inguinoscrotal herniation 
of the bladder, is a rare clinical condition often associated 
with clinical symptoms of two-stage micturition produced by 
manual compression ef the hernia [1]. Preoperative diagnosis 
is important because bladder injury during herniorrhaphy is 
associated with a mortality rate of 12% [2]. Scrotal cystocele 
has been reported in approximately 50 previous cases [3]; 
however, no previous report has described radiographic dem- 
onstration of bladder calculi in the scrotum. We present a 
case of scrotal cystocele with bladder calculi in which the 
diagnosis was suggested by radiographic findings of multiple 
calculi in an enlarged scrotum. 


Case Report 


An 82-year-old man presentec after 1 week of fever, chills, weak- 
ness, and difficulty in initiating and maintaining a urinary stream. The 
patient had a previous history of difficult micturition, including symp- 
toms suggestive of two-stage micturition, and had been treated for 
multiple episodes of urinary tract infections. 

A radiograph of the scrotal region showed an enlarged scrotum 
with air-filled bowel loops in the right hemiscrotum and soft-tissue 
density with multiple muitifaceted calculi in the left hemiscrotum (Fig. 
1). Cystography (Fig. 2) showed a massive bladder herniation into 
the left hemiscrotum with calculi. A barium enema was subsequently 
performed for evaluation of guiac-positive stools and showed hernia- 
tion of the cecum and proximal ascending colon into the right hem- 
iscrotum. In addition, herniation of a smaller portion of the sigmoid 
colon into the left hemiscrotum was seen. Cystoscopy demonstrated 
two urethral strictures and multiple bladder calculi with purulent urine, 
but failed to show the bladder herniation. 


Discussion 


Urinary bladder herniation is not unusual; it has been re- 
ported to occur in 10% of all inguinal hernias in men over 50 
years old [4]. Bladder herniation may also occur in femoral, 
obturator, suprapubic, and ischiorectal hernias [2]; however, 
usually only a small portion of the bladder is involved. Bladder 
herniation into the serotum is rare but may be suspected 
clinically by the presence of two-stage micturition. The clinical 
significance of making a preoperative diagnosis was empha- 
sized by Watson [5], who noted that 43 of 363 cases of 


inguinal bladder hernia were not identified until after surgery, 
when urinary leakage and sepsis resulted from inadvertently 
incising the bladder. 





Fig. 1.—Radiograph of scrotum shows massive scrotal enlargement with 
multiple bladder calculi (arrows) and soft-tissue density in left hemiscrotum with 
multiple air-filled bowel loops in right hemiscrotum. 
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Fig. 2.—Cystogram shows massive inguinoscrotal bladder herniation. Erect 
film shows long narrow neck of hernia with a calculus (arrows) in herniated 
portion of bladder. Radiolucent filling defect in hernia neck is probably an air 
bubble. A Foley catheter outlines the course of the urethra. 


This patient was found to have urosepsis and multiple 
bladder calculi, which accounted for his symptoms of fever, 
chills, and difficult micturition. Although stone formation and 
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urinary infection have not been reported to be associated 
with bladder herniation, it probably occurred in this patient as 
a result of residual urine and stasis within the large herniated 
portion of the bladder. 

The presence of multiple radiopaque caiculi in the enlarged 
left hemiscrotum enabled a plain-film diagnosis of bladder 
herniation to be suggested before cystography was per- 
formed. The presence of soft-tissue density in an enlarged 
scrotum without air-filled bowel loops is a nonspecific finding 
that may indicate fluid-filled loops of herniated bowel or a 
primary scrotal disease process, such as a scrotal abscess 
or hydrocele. Therefore, the presence of multiple calculi in an 
enlarged hemiscrotum is helpful because it suggests the 
presence of scrotal bladder herniation. However scrotal cal- 
cifications may occasionally occur as a result of an old calcified 
scrotal hematoma or abscess, or as phleboliths in a varico- 
cele, and cystography should be performed to confirm the 
diagnosis. 

The inability of cystoscopy to detect even massive bladder 
herniation has been previously noted [6], and this further 
emphasizes the importance of making an early radiographic 
diagnosis. This case demonstrated that plain radiographic 
findings of scrotal calcifications in an enlarged scrotum should 
suggest the diagnosis of scrotal cystocele with bladder calculi, 
particularly when associated with clinical symptoms of 
two-stage micturition, difficult micturition, or urinary tract in- 
fections. However, the diagnosis should be confirmed by 
cystography, which can definitely demonstrate the bladder 
herniation. This is particularly important in patients in whom 
herniorrhaphy is being considered. 
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Functional Adrenal Disease: Radiologic Evaluation in a 
Patient with Anomalous Kidneys 


Philip J. Kenney,' Frederick S. Keller, and Robert E. Koehler 


In a hypertensive patient, the likelihood that an adrenal 
disorder is the cause of hypertension is low, perhaps less 
than 1% [1]. Rigorous testing, however, suggests that the 
prevalence of primary hyperaldosteronism may be as high as 
2% in hypertensive patients [2]. In the proper clinical setting, 
evaluation of the adrenal gland is extremely important as 
adrenal diseases such as cortical adenomas and pheochro- 
mocytoma are usually curable by adrenalectomy. With its high 
spatial resolutien and noninvasive nature, CT has become the 
method of choice for initial radiologic examination of the 
adrenals. The CT appearance of normal adrenal glands and 
of common adrenal lesions has been well described in the 
literature [3-6]. Recent reports describe the presence, loca- 
tion, and appearance of the adrenal in patients with congenital 
absence or ectopy of the ipsilateral kidney [7, 8]. We present 





a case of aldosteronoma arising in the left adrenal gland in a 
patient with fused pelvic kidneys, emphasizing not only the 
CT appearance but also the vascular anatomy, with specific 
reference to performance of adrenal venography. 


Case Report 


A 47-year-old white man had had hypertension for 7 years when 
severe hypokalemia was noted on routine evaluation. This was 
refractory to oral supplementation and the patient was referred for 
endocrine evaluation. Blood pressure was controlled with daily ad- 
ministration of prazosin hydrochloride 20 mg, nadolol 80 mg, hydral- 
azine 100 mg, and spironolactone 400 mg. Biochemical studies 
revealed serum potassium 2.9 mg/dl, plasma renin ©.1 ng/mi/hr, 
serum aldosterone 44 and 76 ng/dl. A 24-hr urine sample contained 
36 ug aldosterone (normal up to 22 ug), 0.5 mg metanepazrine (normal 





Fig. 1.—A, In patient with hyperaldosteronism, left adrenal appears as paraspinal linear structure (arrowheads) with 
1-cm nodule protruding from its lateral surface (arrow). Note medial location of colon (open arrow) and absence of 
kidney from renal fossa. B, On a slightly more inferior scan than in A, left adrenal vein (white arrows) extends from 
anteroinferior edge of left adrenal (open arrow) to inferior vena cava (I). Note normal right adrenal (arrowheads). 


Fig. 2.—Selective left adrenal venogram 
shows unremarkable appearance (arrow- 
heads). Catheter enters ‘eft adrenal vein 
from vena cava at expected location of left 
renal vein (short arrow). Thin vein (long 
arrows) extends inferiorly from left adrenal 
vein to join pelvic kidney at lower level. 








Received December 9, 1985; accepted after revision March 21, 1986. 
1 All authors: Department of Radiology, School of Medicine, University of Alabama at Birmingham. Address reprint requests to P. J. Kenney, Department of 
Radiology, University Hospita!, 619 S. 19th St., Birmingham, AL 35233. 


AJR 147:289-290, August 1986 0361-803X/86/1472-0289 © American Roentgen Ray Society 


290 KENNEY ET AL. 


up to 1.3 mg), and 13 mg 17-OH corticosteroids (normal 7.6-15.5 
mg). Because these results suggested the presence of an aldoster- 
onoma, CT was performed. The CT scans showed bilateral renal 
pelvic ectopy with fusion. The linear left adrenal gland contained a 
small nodule consistent with aldosteronoma (Fig. 1A); the right ad- 
renal gland was normal (Fig. 1B). Adrenal venography and selective 
venous sampling were done to confirm the diagnosis before opera- 
tion. The left adrenal vein arose from the inferior vena cava (Fig. 2). 
Although the venogram was normal, left adrenal venous samples 
showed an elevated aldosterone level. A left adrenalectomy was 
performed, and a 1.0-cm, well-demarcated, golden-orange nodule 
was found. Histologic sections showed cells with abundant vacuo- 
lated cytoplasm and vesicular nuclei typical of a cortical adenoma of 
the zona fasciculata (aldosteronoma). The hypokalemia resolved and 
the hypertension improved postoperatively. 


Discussion 


In a patient with hypertension, clinical signs and symptoms 
or laboratory tests may suggest the possibility of adrenal 
disease (such as hypercortisolism, hyperaldosteronism, or 
pheochromocytoma) as the cause of the hypertension. If 
further biochemical evaluation supports one of these diag- 
noses, radiologic studies should be done. CT is most useful 
for detecting and localizing a focal mass such as an adenoma. 
Hyperplastic adrenals may appear normal or enlarged [4]. 
Although it is not required in every case, adrenal venous 
Sampling is useful to confirm the diagnosis before operation 
as CT findings may be nonspecific. 

Although in normal patients the adrenal gland and kidney 
are anatomic neighbors, they have separate embryologic 
origins. In over 90% of patients with renal agenesis or ectopy, 
the ipsilateral adrenal gland is present, and it usually lies in a 
normal location [9]. When a kidney is congenitally absent from 
a renal fossa, however, the adrenal gland assumes the shape 
of a paraspinal disc and appears as a linear structure on a 
cross-sectional CT image [8]. Presumably this occurs be- 
cause indentation fails to take place as the ascending kidney 
impacts on the large, globular fetal adrenal in normal devel- 
opment. Although a normal right adrenal often appears linear, 
the left adrenal nearly always has a tricorn or inverted-V 
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shape on CT [3]. 

As the adrenal gland is usually present in patients with 
renal agenesis or ectopy, its vascular anatomy is intact. Even 
in cases of renal agenesis, the left adrenal vein drains as 
usual into the left side of the inferior vena cava, forming a 
pseudo-left renal vein. Thus, selective adrenal venography 
and venous sampling can be done in the usual way even in 
cases of renal agenesis or ectopy. Interestingly, whereas the 
CT appearance of the left adrenal is altered significantly when 
the left kidney is ectopic or absent, the venographic appear- 
ance is virtually indistinguishable from that of a normal adrenal 
gland [10]. 
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MRI of Puerperal Ovarian-Vein Thrombosis (Case Report) 


Brigitte Martin," ? George P. Mulopulos,’ and Patrick J. Bryan’ 


Puerperal ovarian-vain thrombophlebitis (POVT) is a post- 
partum complication that occurs in 0.18% of puerperia [1] 
and requires prompt medical treatment to avoid extension of 
thrombus with potentially life-threatening complications. The 
CT and sonographic findings have been described previously 
[2-4]. In this paper, we present the first demonstration of 
ovarian-vein thrombosis by MRI. 


Case Repert 


A 15-year-old primigravida underwent a normal spontaneous 
vaginal delivery. Her postpartum course was uneventful until the fifth 
day, when she complained of right-flank pain. Physical examination 
revealed a febrile patient with right-lower-quadrant tenderness, but 
there was mo palpable mass. Despite antibiotic therapy, pain and 
fever persisted. Abdominal radiographs showed a generalized ileus. 
Abdominal and pelvic CT performed on the 10th day showed a 
retroperitoneal soft-tissue mass with two areas of low attenuation 
consistent with thrombosis of the inferior vena cava (IVC) and right 
ovarian vein (Fig. 1). MRI was performed the following day to deter- 
mine whether the mass was inflammatory or neoplastic. Sagittal and 
axial MR images were obtained using a commercial MR system 
(Magnetom, Siemens, lselin, NJ) operating at 1.0 T. MR findings 
supported the diagnosis of thrombosis of the right ovarian vein and 
IVC, and the diffuse nature of the retroperitoneal mass was consistent 
with inflammation (Fig. 2). IV digital-subtraction angiography via the 
right femora! vein confirmed the complete occlusion of the IVC at the 
level of the iliac confluence. Sonography showed the thrombus in the 
enlarged right ovarian vein and in the IVC, with the most cephalad 
extension of the clot just above the level of the entrance of the renal 
veins, which remained patent. The patient was treated with IV heparin 
along with centinued systemic antibiotic therapy and progressively 
improved. A follow-up sonographic examination 4 weeks later 
showed a decrease in the size of the IVC thrombus with recanaliza- 
tion. The right ovarian vein was not visualized at that time. 


Discussion 


POVT usually presents in the first postpartum week as a 
syndrome consisting of lower-abdominal or flank pain, fever, 
and a tender mass (thrombosed ovarian vein) that, in most 
cases, is lecalized on the right side [1]. However, numerous 
other entities, including pyelonephritis, tuboovarian abscess, 
adnexal torsion, and appendicitis, may present with similar 
symptoms. Before the widespread use of CT and sonography 
POVT was more difficult to diagnose, with only 16-20% of 


cases being detected without laparotomy [2]. If undiagnosed, 
POVT generally extends to involve the IVC and can potentially 
cause life-threatening pulmonary embolism [3]. Systemic an- 
ticoagulation and IV antibiotics are the preferred treatment 
[1]. 

The pathophysiology of POVT is thought to be related to 
the venous stasis and hypercoagulability that commonly ac- 
company the puerperium with superimposed injury to the vein 
wall, usually caused by uterine infection. The ovarian veins 
normally increase threefold in diameter during pregnancy. 
After delivery, there is a sudden decrease in venous flow with 
resultant stasis in the dilated system [5]. Approximately 80% 
of the cases reported [5] were unilateral and right-sided, while 
14% were bilateral and only 6% were unilateral on the left. 
Two reasons have been given to explain the predominance 
of right-sided cases: compression of the right ovarian vein at 
the pelvic brim by the enlarged uterus [5], and é retrograde 
flow in the left ovarian vein that protects it against ascending 
infection [3]. It is uncertain whether a complicated delivery 
significantly increases the risk of POVT [1]. However, some 
authors [3, 4] suggest that there is a somewhat higher 
occurrence rate after instrumentation or uterine manipulation 
at delivery. 

CT findings in POVT are like those of any venous throm- 





Fig. 1.—Contrast-enhanced CT showing two rounded low-density struc- 
tures corresponding to thrombosed right ovarian (short arrow) and inferior vena 
cava (long arrow). Note contrast-enhanced aorta and left ovaman vein, retro- 
peritoneal mass (arrowheads), and slight dilatation of right ureter just behind 


right ovarian vein. 
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Fig. 2.—A, Transverse SE 500/17 image at same level as Fig. 1. Inflammatory mass (arrowheads) has a much lower 
signal than retroperitoneal fat on this T1-weighted image. Ovarian-vein thrombus can be identified as an enlarged structure 
(small arrow) with a slightly higher signal than surrounding inflammatory mass. A somewhat lower signal in center of 
Ovarian vein may be due to retracted clot. Inferior-vena-caval thrombus cannot be distinguished from surrounding 
inflammatory mass on this pulse sequence. B, T2-weighted image (SE 1500/60) at same level as A. Ovarian-vein thrombus 
(short arrow) has relatively high signal compared with surrounding inflammatory mass, indicating a long T2. Vena-caval 
thrombus (/ong arrow) has a complex appearance on T2-weighted image with both central and peripheral low-intensity 
zones and an intervening area of higher intensity. Inflammatory mass is much less obvious on T2-weighted than on T1- 
weighted image (A) as its signal is close to that of retroperitoneal fat on this pulse sequence. Aorta and left ovarian vein 
are well visualized as low-signal-intensity structures due to flowing blood. C, Sagittal T1-weighted image (SE 500/17) 
through inferior vena cava shows low signal in cephalad portion due to flowing blood, but medium-signal intensity distally 
due to thrombosis. Note convex upper margin of thrombus (arrow) and low Signal of right renal artery (arrowhead). On 


this pulse sequence, caval thrombus cannot be differentiated from surrounding inflammatory mass. 


bosis (low attenuation without contrast enhancement) in the 
expected location of the ovarian vein. The thrombus may be 
seen to extend into the IVC and renal veins [2]. Our case 
showed the inflammatory reaction as a diffuse mass surround- 
ing the thrombosed ovarian vein and IVC, as is classically 
discovered when surgery is performed [1, 5]. 

Real-time sonography is ideally suited to delineate the 
location and extent of the thrombus because of the ease of 
imaging in any plane. However, intervening bowel gas from 
the ileus that is often present can compromise the examina- 
tion [3, 4]. In view of the availability and increasing reliability 
of CT and sonography, venography is less important in the 
diagnostic workup today. 

MR findings are similar to those of CT, but because of the 
sensitivity of MRI to blood flow and to the paramagnetic 
effects of iron (in the form of methemoglobin), a dramatic 
differentiation between flowing blood, acute thrombosis (less 
than 1 week old), and subacute thrombosis (more than 1 
week and less than 1 month old) is possible (Fig. 2). On T1- 
weighted images, the ovarian-vein thrombus can be seen as 
an enlarged structure that has relatively higher signal than the 
Surrounding inflammatory mass. The increased signal of the 
thrombus is consistent with a shortened T1 due to methe- 
moglobin formation, which occurs in the subacute phase [6]. 
There is a central area of relatively lower signal in the ovarian 
vein that may represent a retracted clot. The vena-caval 
thrombus cannot be distinguished from the surrounding in- 
flammatory mass on the T1-weighted image (Figs. 2A and 
2C). The explanation for this is that the vena-caval thrombus 
is of more recent origin than the ovarian-vein thrombus, having 
propogated from the ovarian vein, and is in a more acute 
phase with less formation of methemoglobin. On T2-weighted 
images, the ovarian-vein thrombus has a relatively high signal 
compared with the surrounding inflammatory mass; the signal 





C 


is close to that of fat. This is consistent with a prolonged T2 
in the subacute thrombus [7]. The IVC thrombus can be 
identified and has a complex appearance with both central 
and peripheral low-intensity zones and an intervening zone of 
moderate intensity, approximately equal to that of the sur- 
rounding inflammatory mass. The low intensity of the central 
and peripheral zones are of uncertain origin. The peripheral 
zone corresponds to the wall of the vena cava and is similar 
to the peripheral hypointense rim on T2-weighted images 
described by Goldberg et al. [8] in a thrombosed carotid 
artery dissection. 
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1.5-T Surface-Coil MRI of the 
Knee 





Five normal knees and 20 knees with suspected abnormalities involving the menisci 
or articular surfaces were examined with high-resolution surface-coil MRI. Surgical 
correlation was available in 15 cases. Signal-to-noise ratios were optimized using a field 
strength of 1.5 T and a round 7.6-cm surface coil. Spatial resolution was maximized by 
using fields of view reduced to as small as 8 cm. Separate examinations of the medial 
and lateral joint compartments were performed with the surface coil positianed vertically 
adjacent to the meniscus of interest. Ten meniscal tears were identified using sagittal 
and coronal images. T1-weighted images were adequate to detect most meniscal tears, 
and T2-weighted images were useful for providing an “arthrogram effect” in the pres- 
ence of a joint effusion. Extrameniscal lesions that were examined included osteone- 
crosis of the femoral condyle, subchondral cysts, rheumatoid arthritis, degenerative 
arthritis, and anterior cruciate ligament tears. MRI was useful in determining the integrity 
of articular cartilage overlying defects in the subchondral bone and in detecting gross 
cartilage lesions in arthritis, but was less sensitive than arthroscopy in evaluating 
moderate changes in the hyaline cartilage. 


MRI is useful in the diagnosis of cruciate and collateral ligament tears and 
osteonecrosis of the femoral condyles [1, 2]. Body-coil imaging of the knee provides 
superb soft-tissue contrast resolution, but limited spatial resolution [3. 4]. Surface- 
coil imaging can provide the increased signal-to-noise ratio and spatial resolution 
necessary for evaluation of the menisci and articular surfaces of the knee [5]. At 
low field strengths, abnormalities of the menisci can be detected [6 , but further 
improvements in resolution can be achieved with surface coil imaging at 1.5 T 
using reduced fields of view. 

Arthrography has been the radiographic procedure of choice for many years in 
the evaluation of internal derangements of the knee [7, 8], but this technique has 
several important limitations. Although associated with low morbidity, arthrography 
is invasive and requires the use of iodinated contrast material and ionizing radiation. 
Arthrography is accurate in experienced hands, but the success of the technique 
depends on the skill of the radiologist performing the examination. Information 
regarding the menisci and articular surfaces is obtained indirectly, and various 
pitfalls related to overlapping structures and poor coating of surfaces have been 
described [9]. More direct visualization of the menisci can be obtainec by CT after 
arthrography or by high-resolution CT alone, but CT provides limited soft-tissue 
contrast [10, 11]. 

Diagnostic arthroscopy has decreased the demand for arthrography in many 
radiology departments in recent years. However, arthroscopy is expensive and 
invasive. This surgical procedure carries a small risk of significant complications 
[12]. MRI of the knee may provide valuable supplementary information in a direct 
noninvasive fashion that will allow the most efficient use of arthroscopy for 
therapeutic purposes. 

In this study, we have used surface-coil MRI with reduced fields of view to 
demonstrate a variety of abnormalities of the menisci and articular surfaces. We 
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Fig. 1.—Normal knee. A, Coronal proton spin-density image. 14.6-cm round surface coil positioned 
horizontally behind knee. 1500 msec TR, 25 msec TE, 5-mm slice thickness. The medial (M) and lateral 
(L) menisci are examined with 0.62 x 1.25 mm pixel size using a 16-cm field of view. B, Coronal T1- 
weighted image. 7.6-cm round surface coil positioned vertically on medial side ef knee. 800 msec TR, 
20 msec TE, 3-mm slice thickness. Medial meniscus is examined with 0.31 x 0.52 mm pixel size using 
an 8-cm field of view. Signal strength decreases with increasing distance from coil. C, Sagittal T1- 
weighted image. Same coil and positioning as B. 800 msec TR, 25 msec TE. 3-mm slice thickness. 
Anterior horn (black arrow) and posterior horn (white arrow) are examined with 0.47 x 0.94 mm pixel 
size using a 12-cm field of view. Hyaline cartilage is resolved into two separate layers of intermediate 
signal intensity on opposing articular surfaces (arrowheads). D, Sagittal T1-weighted image, 800 msec 
TR, 25 msec TE, asymptomatic 28-year-old normal volunteer. Small area of increased Signal intensity is 
localized within center of posterior horn of medial meniscus (arrow). This finding may represent early 





have used several different surface coils, methods of patient 
positioning, and pulsing sequences in our attempt to develop 
an optimum technique for imaging of the knee. The advan- 
tages and disadvantages of each approach will be discussed. 


Subjects and Methods 


Five asymptomatic normal volunteers and 20 patients with sus- 
pected knee pathology were imaged in this study. A 1.5-T GE Signa 
scanner was used with prototype 14.6- and 7.6-cm round surface 
coils (General Electric Medical Systems, Milwaukee, WI). For all 
examinations, the body coil was used as the radiofrequency trans- 
mitter and the surface coil as the receiver. Spin-echo pulsing se- 
quences (TR/TE) were used exclusively for T1-weighted single-echo 
images (600-1000 msec/25 msec) and T2-weighted multiecho im- 
ages (1500-2000 msec/50, 75, 100 msec). For the purposes of this 
Study, proton spin-density images (1500-2000 msec/25 msec) were 
considered relatively T1 weighted with respect to the signal intensity 
of synovial fluid. The other parameters used routinely included two 
excitations, 3-5 mm slice thickness, and a 128 x 256 acquisition 
matrix. The imaging time/sequence varied from 2 to 8 min. The field 
of view varied from 8 to 16 cm resulting in pixel sizes varying from 
0.62 x 1.25 mm (Fig. 1A) to 0.31 x 0.62 mm (Fig. 1B). 

T1-weighted images were usually performed first in the sagittal 
plane followed by T2-weighted coronal images. These routine images 
were sometimes supplemented with additional pulsing sequences if 
time was available. Axial images were not useful because it was 
impossible to perform slices less than 3 mm thick in a plane parallel 
to the meniscus. 


myxoid degeneration, which is first stage in aging process of meniscus. 


The three different techniques used are listed in Table 1. Technique 
1 allowed examination of the entire knee with limited resolution. 
Technique 2 yielded increased spatial resolution, but was inconven- 
ient for both the patient and the technologist. Technique 3 provided 
precise patient positioning and maximum spatial resolution. When 
the 7.6-cm coil was used, the decrease in signal intensity with 
increasing distance from the coil necessitated repositioning of the 
coil on the opposite side of the knee for examination of the other 
meniscus. The total examination time was usually limited to 1 hour, 
including patient positioning and image reconstruction. 

The images for each of the cases were evaluated prospectively by 
one radiologist and one orthopedic surgeon. The MRI results were 
correlated with the findings at arthroscopy or athrotomy in 15 cases. 
No arthrograms were obtained. Meniscal tears were classified as 
vertical or horizontal with respect to the cross-section of the meniscus 
as described by Zarins and Mcinerney [13]. 


Results 


Five normal volunteers were examined to document the 
normal appearance of the menisci and articular surfaces in 
the coronal and sagittal planes. On T1-weighted images, the 
hyaline cartilage could be resolved into two opposing layers 
of intermediate signal intensity greater than the intensity of 
muscle and less than the intensity of bone marrow (Fig. 1C). 
Each layer measured approximately 2 mm in thickness at the 
center of the weight-bearing surface. Normal menisci were 
demonstrated as triangles of decreased signal intensity on all 
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pulsing sequences when imaged in a plane parallel to the 
effective radius of the meniscus (Fig. 1). Two of the asymp- 
tomatic volunteers, 28 and 29 years old, respectively, were 
noted to have small areas of increased intensity in the center 
of the meniscus at a single scanning location without exten- 
sion to the meniscal surface or disruption of the meniscal 
contour (Fig. 1D). This finding possibly represented early 
myxoid degeneration within the substance of the meniscus. 
For the purposes of this study, meniscal tears were defined 
as areas of increased signal intensity visualized on at least 
two adjacent images having a linear appearance or associated 
with discontinuity of the meniscal surface (Fig. 2). 

The 20 symptomatic patients examined (with surgical cor- 
relation in 15 patients) are listed in Table 2. Using the above 
criteria, 10 meniscal tears were identified and all tears involved 
the medial meniscus. Discrepancies with surgical findings 
were encountered in two cases. In one patient, a vertical tear 
localized to the junction between the posterior horn and the 
body of the meniscus (Fig. 3) was convincingly demonstrated 
on MRI, but could not be identified at the initial arthroscopy, 
although the area in question was well visualized and thor- 
oughly manipulated. This finding occurred in a 17-year-old 
boy who also had a small separate tear of the anterior horn 
that was debrided at the time of arthroscopy. Upon return to 
full activity, the symptoms recurred and a vertical (bucket- 
handle) tear at the site of the previously suspected lesion was 
discovered at subsequent arthroscopy. In another patient, a 
small horizontal tear of the posterior horn was detected on 
MRI in an arthroscopically normal meniscus. This presumed 
tear was within the substance of the meniscus without dis- 
ruption of the meniscal contour. 


TABLE 1: Surface Coil Techniques’ 








Technique 1 Technique 2 Technique 3 
Coil diameter (em) 14.6 7.6 7.6 
Patient position Supine Decubitus Supine 
Coil positian Posterior Medial/lateral Medial/lateral 
Coil orientation Horizontal Horizontal Vertical 
Field of view (cm) 16 12 8 
Pixel size (mm) 0.62 x 1.25 0.47 x 0.94 0.31 x 0.62 


a See text for fusther description of the three techniques. 


Fig. 2.—Horizontal (degenerative) me- 
dial meniscal tear. A, Sagittal T1- 
weighted image. 800 msec TR, 20 msec 
TE. Horizontal undisplacec tear is seen in 
posterior hern (arrowhead), which ex- 
tends through rest of meniscus to involve 
anterior hom (arrow). B, Sagittal T1- 
weighted image. 800 msec TR, 20 msec 
TE. Location 6 mm medial to A. Tear 
extends through middle ef meniscus (ar- 
rows). 
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Four patients with horizontal degenerative tears had asso- 
ciated abnormalities. One patient had a superimposed com- 
plex tear of the posterior horn, one patient hac small para- 
meniscal cysts, and one patient had severe osteoarthritic 
degenerative changes. The fourth patient demonstrated the 
entire spectrum of findings including a superimposed complex 
tear of the posterior horn, parameniscal cysts, csteoarthritis, 
and osteonecrosis of the medial femoral condyle (Fig. 4). This 
elderly patient had radiographic changes consistent with os- 
teonecrosis, but the meniscal tear was unsuspected at the 
time of the examination. The association of these two lesions 
has been previously described by Norman and Baker [14]. A 
large cystic area of necrosis was well seen on the T2-weighted 
images. The overlying articular cartilage was thinned but 
intact, although there was partial collapse of the subchondral 
bone toward the cystic cavity. These findings were confirmed 
at arthroscopy. The presence of a moderate pint effusion 
partially obscured the surface of the hyaline cartilage on the 
T1-weighted images, but T2-weighted images provided an 
“arthrogram effect” with high-signal-intensity joirt fluid outlin- 
ing intraarticular structures. Marked cartilage nerrowing was 
detected in a similar fashion in a different patient with a remote 
history of bilateral meniscectomies and areas of denuded 
subchondral bone on arthroscopy (Fig. 5). The articular carti- 
lage was normal on MRI in two other post-meniscectomy 
patients who had moderate degenerative changes at arthros- 


copy. 


TABLE 2: Results of MRI in 20 Symptomatic Patients 


aii ED E o S e e 











; . MRI MRI Sur Surge 
i cia (+) (-) H fehl 

Horizontal meniscal 

tears 6 0 3 1 
Vertical meniscal tears 4 0 3 1 
Postmeniscectomy carti- 

lage lesions 1 3 3 0 
Femoral condyle osteo- 

necrosis 2 0 1 0 
Rheumatoid arthritis 2 0 1 0 
Normal menisci and ar- 

ticular surfaces 0 4 0 4 
pe a SS SELES ST ef SS SETS SS SS 

Note.—+ = positive; — = negative. 





296 BURK ET AL. 





AJR:147, August 1986 


Fig. 3.—Vertical (bucket handle) me- 
dial meniscal tear Tear was not detected 
at initial arthroscepy, but was later con- 
firmed at repeat arthroscopy after rein- 
jury. A, Sagittal -weighted image. 800 
msec TR, 25 msec TE. Vertical tear in 
posterior horn is. visualized as irregular 
area of increasec signal intensity (white 
arrow). An additional separate tear, which 
was confirmed & arthroscopy, is also 
present in superic” aspect of anterior horn 
(black arrow). B, C oronal T2-weighted im- 
age. 2000 msec “R, 50 msec TE. Irreg- 
ular tear (arrow) is confined to junction 
between posterio horn and body of me- 
niscus. Rest of posterior horn is intact 
(arrowhead). 





D E 


Fig. 4.—Osteonecrosis and complex degenerative medial meniscal tear. A, 
Anteroposterior radiograph. Large subchondral defect is present in medial 
femoral condyle consistent with osteonecrosis. B, Coronal proton spin-density 
image. 2000 msec TR, 25 msec TE. Patchy area of decreased signal intensity 
(arrowheads) corresponding to sclerosis is seen in A. Medial meniscus and 
articular surface are irregular. C, Coronal T2-weighted image. 2000 msec TR, 
75 msec TE. Same location as B. Arthrogram effect produced by joint effusion 
outlines a tear of superior surface of meniscus (white arrowhead). Articular 
Cartilage (black arrowhead) is thinned with collapse of underlying subchondral 
bone (arrow). D, Coronal T2-weighted image. 2000 msec TR, 75 msec TE. 


In one patient with rheumatoid arthritis and a large sub- 
chondral cyst, several marginal erosions of the articular sur- 
face were detected on MRI that were not readily visualized 
on the radiographs (Fig. 6). MRI also demonstrated marked 


Location 6 mm anterior to C. Large cystic cavity is present in subchondral bone 
(arrowhead). Meniscus has abnormal shape with hc izontal tear in center 
(arrow). E, Coronal T2-weighted image. 2000 msec TR 75 msec TE. Location 
6 mm anterior to D. Two small parameniscal cysts (arrcwheads) are present at 
anterior aspect of degenerative tear. Rest of anteror horn is intact (arrow). F, 
Sagittal T1-weighted image. 600 msec TR, 25 msec TE. Horizontal tear is 
again seen in medial meniscus (white arrow), and posterior horn is totally 
absent. Large portion of femora weight-bearing surfaœ is involved by osteo- 
necrosis (arrowheads), and there is associated subchordral sclerosis of medial 
tibial plateau (black arrow). 


attenuation of the subchcndral bone overlymg the cyst, which 
influenced the surgeon to perform bone gr@ting. The articular 
cartilage in this area was intact on MRI ard at arthroscopy. 
In addition to the above-described lesiors of the articular 
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Fig. 5.—Postmeniscectomy degener- 
ative arthrits. A, Sagittal T2-weighted im- 
age. 2000 msec TR, 50 msec TE. Severe 
degenerative narrowing of hyaline carti- 
lage on oppesing posterior weight-bear- 
ing surfaces of lateral joint compartment 
(arrowheads). Remodeling of subchon- 
dral bone amd cyst formation are seen at 
posterior joint margin (black arrow). Small 
residual fragments of posterior horn of 
lateral meniscus (white arrow). B, Coronal 
T2-weighted image. 2000 msec TR, 75 
msec TE. Cartilage on center of weight- 
bearing surtace of femur is irregular (ar- 
rowhead). Theresis a large osteophyte at 
lateral joint margin (arrow), and no ‘ateral 
meniseus can be identified. 


Fig. 6. —neumatoid arthritis wit joint 
effusion ane subchondral cyst. A, Lateral 
radiograph. Well-circumscribed subchon- 
dral cyst is seen in proximal tibia. B, Sag- 
ittal T1-weightec image. 800 msec TR, 
25 msec TE. The subchondral cyst (C) 
and effusion (E) are well visualized. 
Weight-bearing cartilage (arrowhead) is 
intact, but small erosion is present at 
posterior jomt margin (arrow). C, Tunnel 
view. Subchondral cyst is on most medial 
aspect of tial plateau. D, Coronal T2- 
weighted image. 2000 msec TR, 50 msec 
TE. Subchendra! bone overlying cyst is 
markedly attenuated (arrow), and medial 
joint margimis eroded (arrowhead). 
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surfaces and menisci, five patients had associated anterior 
cruciate ligament tears that were detected on MRI as irregular 
areas of increased signal intensity on all pulsing sequences 
and were confirmed at arthroscopy. 


Discussion 


The increased soft-tissue contrast available with MRI allows 
visualization of many important articular structures that can- 
not be noninvasively imaged with conventional radiographic 
techniques. In the knee, because of the limited resolution of 
body-coil images, the diagnostic capabilities of MRI were first 
demonstrated with injuries to large, easily resolved structures, 
the collateral and cruciate ligaments [1]. Since normal ten- 
dons, ligaments, and fibrocartilage have decreased signal on 
all pulsing sequences, the presence of increased signal within 
these structures can be used to diagnose traumatic or de- 
generative abnormalities. With surface coils to provide in- 
creased spatial resolution and an increased signal-to-noise 
ratio, this principle has been applied to the diagnosis of 
abnormalities involving smaller articular structures, particu- 
larly the menisci. In the study by Reicher et al. [6], solenoidal 
coils at 0.3 T were used to detect meniscal tears with a pixel 
size of 0.75 x 0.75 mm and a slice thickness of 4 mm. 

The images in the above study are superior to body-coil 
images, but further improvements can be made in the spatial 
resolution for enhanced demonstration of joint abnormalities. 
Smaller pixel sizes can be achieved by increasing the acqui- 
sition matrix or decreasing the field of view. With most MRI 
systems, increasing the matrix increases the imaging time, 
while decreasing the field of view has no effect on imaging 
time. Decreasing the voxel size by any method results in a 
decrease in the signal-to-noise ratio [15]. The signal-to-noise 
ratio can be increased by imaging at a higher field strength or 
using a surface coil with a smaller radius [16, 17]. Imaging at 
1.5 T with the 7.6-cm coil used in our study provides optimum 
signal strength in the region of the ipsilateral meniscus, so a 
field of view as small as 8 cm can be used. An 8-cm field of 
view approaches the practical limit for imaging of the menisci, 
as further decreases are limited by the size of the region of 
interest and unreasonable requirements for precision in posi- 
tioning of the patient. The smallest pixel size that can be 
achieved with an imaging time of about 6 min is 0.31 x 0.31 
mm at a slice thickness of 3 mm if a 256 x 256 acquisition 
matrix is used. Attempts to achieve small fields of view with 
larger coils are limited by wraparound artifact that has not 
been a problem with this small coil [18]. However, the use of 
the small coil requires restriction of the examination to one 
side of the knee at a time and repositioning for repetition of 
the pulsing sequences on the opposite side. 

T1-weighted pulsing sequences require the least amount 
of time and are useful screening examinations for detection 
of meniscal tears. T2-weighted pulsing sequences require 
more time and are more susceptible to degradation from 
patient movement, but can be helpful in outlining the contour 
of the meniscus in the presence of a joint effusion. Imaging 
of the menisci in both coronal and sagittal planes was useful 
in fully characterizing complex tears, but most tears could be 
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successfully detected using only the sagittal plane as de- 
scribed by Reicher et al. [19]. 


Vertical Meniscal Tears 


Meniscal injuries can be differentiated into the two basic 
categories of horizontal and vertical tears [13]. Vertical tears 
are more common in younger patients and are frequently 
associated with a specific injury. The emphasis among ar- 
throscopists has increasingly shifted toward partial meniscec- 
tomy as total meniscectomy has been shown to compromise 
normal joint function and to predispose the knee to early 
degenerative aging [20]. Vertical tears often spare a signifi- 
cant portion of the meniscus, and MRI may be useful in 
determining the extent to which the damaged meniscus is 
salvageable. Contrary to previous opinon, tears involving the 
peripheral vascularized portion of the meniscus do have the 
potential to heal and successful meniscal repair is possible in 
selected cases [21, 22]. MRI may be valuable in following the 
results of meniscal repair, but further investigation will be 
required to document the appearance of the meniscus in 
various stages of healing. The vertical tear in our series that 
was not detected at initial arthroscopy may have represented 
a partially healed tear, which subsequently deteriorated when 
the patient returned to full activity. The increased signal 
intensity in the region of a meniscal tear on MRI may be due 
to synovial fluid within the cleft [6], but pathologic correlative 
Studies have not yet been reported. Possibly, menisci that 
heal with fibrovascular scar may never return to a completely 
normal appearance on MRI. An alternative explanation would 
be that this case simply represents a false-negative arthro- 
scopic examination of the posterior horn of the medial menis- 
cus where arthroscopy has been previously documented to 
be slightly less accurate than arthrography [23, 24]. 


Horizontal Meniscal Tears 


In contrast to vertical tears, horizontal tears are commonly 
seen in older patients and are considered to represent a 
degenerative process related to chronic shearing stress. 
Myxoid degeneration occurs in the center of the meniscus 
with aging and is followed by the development of a horizontal 
cleavage plane [25, 26]. Macroscopically, myxoid degenera- 
tion is seen as yellow opaque areas within the white fibrocar- 
tilage, which may correlate with the finding of small areas of 
increased signal intensity within the menisci of two of our 
normal volunteers. The detection of these changes in asymp- 
tomatic individuals and the detection of one presumed hori- 
zontal tear in an arthroscopically normal meniscus suggests 
that MRI can provide important information about the internal 
Structure of the meniscus that can supplement the surface 
examination of the arthroscopist. Degenerative tears are com- 
monly asymptomatic and were found in 60% of autopsy 
specimens in a study by Noble and Hamblen [27] in which 
the average age of the subjects was 65 years. MRI may be a 
useful method for noninvasively studying the natural history 
of this aging process. In addition, MRI can be valuable in 
detecting superimposed complex tears, which often compli- 
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cate degenerative tears and may lead to an increase in 
symptoms. Degenerative tears are also frequently associated 
with the development of parameniscal cysts containing syn- 
ovial fluid, which is thought to be forced from the joint cavity 
into the cyst through the tear [28]. Meniscal cysts that are 
demonstrated at arthrography are always accompanied by 
horizonta! tears that extend to the periphery of the meniscus 
[29]. The small peripheral cysts seen only on the T2-weighted 
images in two of our patients were not Clinically palpable, but 
serve as indicators of the underlying meniscal pathology. 


Extrameniscal Lesions 


Surface-ceil MR! can also be useful in the diagnosis of 
extrameniscal abnermalities of the knee. Injuries to the cru- 
ciate and cellateral ligaments have been studied by other 
investigators, but aur experience with ligamentous abnormal- 
ities is limited owing to the lack of patients with acute knee 
trauma in our study population. The normal ligaments were 
well visualized in most patients, and five abnormal anterior 
cruciate ligaments were identified on MRI with surgical confir- 
mation. 

MRI can be successfully used to assess the integrity of the 
articular surfaces and subchondral bone in osteonecrosis and 
arthritis. Both T1-weighted and T2-weighted pulsing se- 
quences have useful applications in the diagnosis of osteo- 
necrosis. On T1-weighted images, bone sclerosis and marrow 
fibrosis are demonstrated as patchy areas of decreased signal 
intensity. Cystic necrotic cavities associated with collapse of 
subchondral bone can be detected as areas of increased 
signal intensity on T2-weighted images. The T2-weighted 
images have been used in staging avascular necrosis of the 
hip by Rupp et al. [2], and the two patients examined in our 
study wauld be included in the intermediate stage of mixed 
sclerosis and necrosis. These authors have also described 
the value of MRI in the early detection of osteonecrosis before 
the development of positive findings on other radiographic 
tests. In patients where the bony defect can already be 
detected radiographically, MRI can be used to assess the 
overlying articular cartilage. Sagittal images are particularly 
valuable in defining the extent of involvement of the weight- 
bearing surfaces. Lesions greater than 5 cm* in size on 
conventiona! radiographs are associated with a poor prog- 
nosis [30]. In arthritis, the extent of involvement of the sub- 
chondral bone by eysts and erosions can be assessed with 
MRI. Information regarding the contents of cysts can poten- 
tially be ebtained using both T1-weighted and T2-weighted 
images. MRIihas already been used in this context to evaluate 
the joint changes in hemophiliac arthropathy [31]. 

The direct visualization of hyaline cartilage by surface-coil 
MRI represents an area of great potential in the evaluation of 
rheumatic and degenerative diseases, since prior radiographic 
techniques have been dependent on indirect examination of 
the articular surfaces. Body-coil studies have identified hyaline 
cartilage as a band of increased signal intensity within the 
joint space on T1-weighted images [32]. With high-resolution 
surface-coil imaging, the articular cartilage can easily be re- 
solved into two opposing layers. Our preliminary results with 


MRI OF THE KNEE 299 


a limited number of patients indicate that gross cartilage 
defects can be detected, but moderate changes that are 
readily identified at arthroscopy may not be visualized on MRI. 
Others have found MRI to be useful in chondromalacia patella 
and osteochondritis dissecans [33]. 

Beyond the detection of cartilage narrowing and irregularity, 
changes in signal intensity of the hyaline carilage may be 
useful in the evaluation of the cartilage aging process. The 
increased signal intensity of articular cartilage on MRI has 
been attributed to its water content [4, 32]. The intensity of 
hyaline cartilage on the T1-weighted images is consistently 
higher than that of surrounding muscle, suggesting that the 
T1 value of this form of cartilage is relatively short. The in 
vitro T1 value of dog hyaline cartilage has been determined 
to be 210 msec at 10 MHz [34]. The large amount of water 
within hyaline cartilage accounts for the presence of a de- 
tectable signal on MRI, but the relatively short T1 value is 
most likely related to the interaction of water with the large 
proteoglycan molecules found in this form of cartilage. Chon- 
droitin sulfate and keratan sulfate polysaccharice chains have 
unusually high negative changes and, therefore, structure 
enormous amounts of water [35]. Interactions with large 
molecules are thought to slow the rotational motion of water 
molecules and result in acceleration of tissue-relaxation rates 
[36]. This water-structuring capability is also responsible for 
the cushioning effect of cartilage at joints. The proteoglycan 
constituents of cartilage change with aging, so it may be 
possible to monitor this process in vivo by following changes 
in the MR characteristics. 


Conclusion 


Significant improvements can be made in MRI of the knee 
using a field strength of 1.5 T and surface coils with small 
radii. The gains in the signal-to-noise ratio with this technique 
can be used to allow high-resolution imaging at a markedly 
reduced field of view. Meniscal tears can be characterized 
and the articular surfaces can be evaluated. This noninvasive 
technique can also be useful in the diagnosis of osteonecrosis 
and arthritis. Follow-up examinations to evaluete surgical or 
medical therapies can be obtained without radiation exposure. 
MRI of the knee can probably replace arthrography in many 
situations, and its role relative to diagnostic erthroscopy is 
yet to be determined. To develop into a widely accepted 
screening test for knee pathology, MRI must be cost-effective 
relative to the other available diagnostic techniques. 
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Incomplete Carpal Coalition 





Congenital coalition between the lunate and triquetrum is a common anomaly that 
may have several different radiographic appearances. We report sever patients with 
partial coalition and rounded radiolucencies in the subarticular region of both bones. 
The most likely cause of this combination of findings is abnormal differentiation of the 
joint space and remnants of misplaced synovial tissue that formed during the disorga- 
nized process of joint development. 


Congenital coalition of carpal bones is a common anomaly that is usually 
discovered on radiographs obtained for unrelated reasons. The lunaze and trique- 
trum are most likely to show such coalition, with a reported frequency of 0.1% in 
whites, 1.6% in black Americans, and up to 9% in black Africans [1, 2]. The 
appearance of the resulting bone, which has been termed the os lunatotriquetrum 
[3], is variable; the bony mass usually has uninterrupted cortical margins although 
a partial cleft is often present at either the proximal or distal portion of the coalition 
site. Occasionally, there is only narrowing of the apparent space between the two 
bones without actual bony fusion. We report seven patients with such incomplete 
lunatotriquetral coalition with the additional feature of small rounded radiolucencies 
in the subarticular region of both bones. 


Material and Methods 


Over a 2-month period, five patients were observed to have incomplete coalition between 
the lunate and triquetrum. In addition, records of two patients previously noted to have this 
anomaly were reviewed. Six of the seven patients were black; three were men and four were 
women. Their ages ranged from 23 to 59 years. Only two of the patients had a history of 
remote trauma to the wrist, and clinical symptoms related to the ulnar aspect of the carpus 
were completely lacking in five, radiographs of the hand having been obtained for unrelated 
reasons. In three of the patients, radiographs of the contralateral wrist revealed complete 
lunatotriquetral coalition. One patient underwent arthrography of the midcarpal compartment 
of the wrist according to the method described by Tirman et al. [4] in order to evaluate the 
presence or absence of a normal lunatotriquetral joint space. Complete surgical fusion of the 
lunate and triquetrum was performed in two patients to relieve local pain. 


Results 


The radiographic features of incomplete lunatotriquetral coalition were similar in 
all seven patients. There was narrowing of the apparent joint space between the 
two bones without adjacent sclerosis or osteophytosis. The oppcsing articular 
osseous surfaces were either flattened or irregularly marginated. In addition, 
multiple small rounded radiolucencies, some well defined and some ill defined, were 
present within the bone immediately adjacent to the articular surface (Fig. 1). 
Midcarpal compartment arthrography in one patient showed normal filling of the 
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Fig. 1.—Posteroanterior radiograph of right wrist shows narrowing of ap- 
parent space between lunate and triquetrum with several small rounded ra- 
diolucencies within both bones adjacent to articular surface (arrows). 





Fig. 2.—Posteroanterior radiograph during midcarpal arthrography in a 
different patient shows narrowing and radiolucencies similar to those in Fig. 1 
with contrast material filling only distal portion of joint space (arrow). 


joint space between the scaphoid and lunate but lack of filling 
of the apparent space between the lunate and triquetrum 
(Fig. 2). 

Surgical findings in two patients included total absence of 
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Fig. 3.—Posteroanterior radiograph showing complete lunatotriquetral coa- 
lition. 


a normal joint space with continuity of articular cartilage 
across both bones. Several cysts lined with white tissue and 
containing a small amount of brownish fluid were encountered 
in the lunate and triquetrum. Pathologic evaluation of the cyst 
wall revealed a combination of synovial and fibrous tissue. 


Discussion 


Coalition between the lunate and triquetrum may have a 
variety of radiographic appearances [5]. Unlike the seven 
cases being reported, most cases show actual bony fusion 
rather than only narrowing between the two bones. This may 
occur as complete fusion (Fig. 3) or as almost complete fusion 
with a small cleft at either the proximal or distal aspect of the 
coalition site (Fig. 4). Less commonly, coalition may be incom- 
plete either with (Figs. 1 and 2) or without (Fig. 5) associated 
intraosseous radiolucencies. 

Several examples of incomplete carpal cealition have been 
illustrated in previous reports, and a few of these have dem- 
onstrated subarticular radiolucencies [1, 5-9]. Cockshott [1] 
presented six cases of what he termed “fracture of fused 
bone” with the “fracture line” in the position of the expected 
joint. One of these cases had an appearance similar to ours, 
which he called “established nonunion with cyst formation.” 
Minnaar [5] described one patient with “incomplete fusion of 
lunate and triquetral bones resembling pseudarthrosis,” and 
Dean and Jones [6] suggested formation of a pseudarthrosis 
in one of their cases. Cope [7] showed an example of “partial 
lunate-triquetral fusion.” Smitham [8] illustrated one “fracture” 
through the groove of the combined bone and one case with 
“a few small cysts” in the adjacent bones. Finally, one case 
of “incomplete synostosis” between the scaphoid and trape- 
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Fig. 4.—Posteroanterior radiograph of left wrist in same patient as Fig. 1 
shows complete coalition except for small cleft at distal aspect of expected 
location of joint (arrow). 





Fig. 5.—Posteroanterior radiograph showing incomplete lunatotriquetral 
coalition without intraosseous radiolucencies. (Courtesy of Anne Brower, 
Georgetown University Hospital.) 


zium was reported by Zielinski and Gunther [9] to “resemble 
an arthritic joint.” 

The foregoing discussion points out the confusion in the 
literature regarding appropriate terminology for the appear- 
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ance we are reporting, in addition to a lack of understanding 
of its cause. We have chosen the term “incomplete coalition’ 
to describe a lack of bony continuity across the lunate and 
triquetrum. The term “fusion” should be avoided because the 
process that has occurred is a failure of segmertation of the 
cartilaginous precursors of the two bones rather than the 
joining of two previously distinct structures [1, 10, 11]. Frac- 
ture or pseudarthrosis formation is unlikely without any history 
of trauma or local symptoms. Furthermore, the absence of 
any joint space demonstrated by arthrography in one of our 
cases should eliminate nonunion, pseudarthrosis, or arthritis 
as a cause. Similarly, the continuity of articular cartilage 
across the proximal aspect of the lunate and triquetrum 
supports the theory of absent joint formation [1° ]. 

During normal development, the interzone between rudi- 
mentary centers of chondrification forms three distinct layers: 
a central loose layer representing the future synovium and 
intracapsular structures, and two denser zones representing 
the future articular cartilages [12]. If formation of the central 
layer does not occur, absence of a normal joint would be the 
expected result. Garn et al. [10] suggest that the start of 
programmed cellular death that leads to joint cavitation and 
cartilage separation may be delayed, thus preventing sepa- 
ration from proceeding to completion. If normal separation 
occurs only along a small portion of the joint, a cleft within 
the bony mass is created, as in Figure 4. Indeed, a similar 
cleft present in Figure 2 fills with contrast material during 
arthrography, indicating that this portion of the joint has 
developed normally. The remainder of the articulation, how- 
ever, has not undergone normal cavitation. Rather, complete 
cartilaginous bridging has occurred, and the normal joint 
space is absent. 

The cause of the rounded radiolucencies present around 
the expected joint space between the lunate and triquetrum 
is most likely related to the failure of segmentation that has 
occurred. If the central layer of the interzone forms within 
rather than between the chondrification centers. there will be 
both cartilaginous bridging due to absent joint development 
in the normal location as well as entrapped nesenchyme 
present in an abnormal location. As this mesenchyme under- 
goes autolysis and liquefaction, synovial-lined cavities will 
form as they would in the normal joint space [12]. These 
would then become evident as radiolucencies within bone 
after ossification has taken place with normal maturity. This 
anomalous development would not be expected to produce 
any future clinical symptoms unless superimposed trauma or 
altered mechanics of movement occurred. This ack of symp- 
toms was indeed the case in the patients we have presented, 
as well as in those discussed in previous reports. 

In summary, Coalition of the lunate and triquetrum is a result 
of absent joint cavitation during embryologic development 
rather than fusion of separate bony structures. In addition, 
incomplete coalition probably relates to abnormal differentia- 
tion of the interzone, allowing cartilaginous continuity to occur 
without intervening synovial tissue. The rounded radiolucen- 
cies we have described most likely occur because of entrap- 
ment of synovial mesenchyme within the rudimentary chon- 
drification centers. This constellation of radiographic features 
should by themselves remain totally asymptomatic. 


305 


Radiologic Contributions to Cancer 


Management 





Bone Metastases 


Palliative treatment of incurable cancer may be considered 
beneficial if i succeeds in prolonging life or if it favorably 
influences the quality of life that remains. To achieve either 
goal requires thoughtful medical judgment. Investigations 
have shown taat insemnia, fatigue, anxiety, fear, social aban- 
donment, anger, sadness, and depression can all increase 
sensitivity to pain. Since most cancer patients with bone 
metastases experience some of these conditions, their re- 
sponses to palliative therapy may not be easy to measure. 
Alternatives ar optienal supplements to radiotherapy and 
internal fixaticn of bones for stabilization include chemother- 
apy, experimental therapies such as hyperthermia or immu- 
notherapy, ard frequent follow-up visits for emotional sup- 
port. The physician who elects not to give specific therapy to 
an informed patient should not bear any stigma. As Wan- 
gensteen has stated, “the limitation of a method constitutes 
no reflection upon its user, save insofar as he fails to recog- 
nize it” [1]. 

There are several reasons for treating skeletal metastases 
with radiation: to ameliorate pain, to forestall incipient fracture 
(especially of tue femur or acetabulum), and to prevent spinal- 
cord compression. These may be particularly important for 
the small group of patients who survive for several years with 
solitary metastases from thyroid or kidney carcinomas or with 
multiple slowly growing metastases from prostate or breast 
carcinomas. A'ter the primary tumor has been controlled, it 
may even be reasonable on rare occasions to treat a solitary 
osseous metastasis from the thyroid or kidney with curative 
intent. 


Detection of Metastases 


Two imaging techniques are available for the initial detec- 
tion of osseous metastases: bone scanning and radiography. 
Bone scanning with °°" Tc diphosphonate is the more sensitive 


of the two and thus is the preferable screening test [2, 3], but 
the physician should recognize its limitations and also be 
aware of some unusual scan manifestations of osseous me- 
tastases. Rarely, at sites where there are extremely aggres- 
sive metastases, the bone scan may be normal or show a 
deficiency in isotope accumulation instead of manifesting 
increased activity (Fig. 1). Such “cold” or photopenic metas- 
tastic sites are found most often in association with lung or 
breast carcinomas and soft-tissue sarcomas (Fic. 2). Multiple 
myeloma is notable for its frequent association with negative 
or photopenic bone scans. However, in the dresence of 
diffuse metastatic disease, the increased skeletal radionuclide 
accumulation occasionally may be so uniform that it gives a 
false-negative impression (Fig. 3). One clue to the true situa- 
tion is the presence of a greater-than-normal intensity of 
isotope uptake throughout the skeleton, producing a so-called 
“superscan”; another clue is scant or absent -adionuclide 
activity in the kidneys, bladder, and soft tissues. In some 
patients, however, radionuclide excretion into the urinary 
bladder may obscure abnormal areas of uptake in the ischia, 
pubic bones, and sacrum (Fig. 4). 

Radiographic surveys of the axial skeleton are too insen- 
sitive to be used as screening tests for asymptomatic meta- 
stases. However, after an abnormality has been detected by 
a radionuclide scan, selected radiographs should be per- 
formed to permit an evaluation of scan-positive areas and 
should be interpreted in conjunction with the scan [4]. Prolif- 
erative changes in the axial skeleton in association with 
spondylosis or osteoarthritis and articular erosions from in- 
flammatory arthritis may produce confusing patterns on radio- 
nuclide bone scans [5]. Thus, when correlative radiographs 
are not already available, they should always be performed 
for those areas that have equivocal or suspicious scan find- 
ings (Figs. 5 and 6). 

Because the patterns of radionuclide uptake associated 
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with benign bone or joint disease may sometimes simulate 
metastastic involvement, a “baseline scan” may be justified in 
the initial workup of patients with bone-seeking tumors, even 
when the primary tumor has been discovered at an early 
stage. Radionuclide bone scans should also be augmented 
routinely with plain radiographs of the pelvis to ensure that 
pelvic lesions are not obscured by, or confused with, bladder 
activity. Although an algorithmic approach can be useful in 
devising an effective series of imaging studies for suspected 
metastases (Fig. 7), each patient has specific needs and the 
metastatic workup should always be designed with these in 
mind. 

The imaging, pathologic, clinical, and laboratory findings 
should all be correlated carefully before treating any sus- 
pected osseous metastases. Not all cancer patients who 
experience acute musculoskeletal pain will have metastases. 
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Fig. 1.—False-negative radionuclide 
bone scan in a woman with metastatic 
breast carcinoma. A, Scan fails to dis- 
Close any foci of increased activity. B, 
Radiograph reveats multiple lytic metas- 
tases (arrowheads). 


Fig. 2.—Photopenic osseous metas- 
tasis from breast carcinoma. A, Radio- 
nuclide bone scan discloses focus of di- 
minished activity in L3 vertebra. B, Radi- 
ograph reveals multiple lytic metastases 
(arrowheads). 


Common nonmalignant causes of back pain include spondy- 
lolisthesis, osteoporosis-induced fractures of vertebrae, low- 
back strain, osteoarthritis, herpes zoster, and prolapsed inter- 
vertebral discs. Diffuse bone and joint pain may also be 
caused by hypertrophic osteoarthopathy in association with 
mesothelioma, lung cancer, and other conditions [6]. While a 
painful osteolytic lesion in a patient with lung carcinoma is 
usually a metastasis [7], many benign bone disorders can 
result in positive radionuclide scans, and correlation with 
Clinical findings as well as radiographs should be done in 
every patient. 

Percutaneous needle biopsy should be considered when a 
bone metastasis is suspected in the presence of (1) equivocal 
radionuclide and/or radiographic findings, (2) a suspected 
tumor recurrence after a tumor-free interval of more than 2 
years, or (3) a history of a successfully treated early cancer 
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Fig. 3.—“Superscan” produced by dif- 
fuse bone metastases from breast carci- 
noma. A, Radionuclide bane scan reveals 
strikingly uniformasotope uptake through- 
out axial skeletom. Scant activity in kid- 
neys, bladder, amd soft tissue is clue to 
recognizing diffuse, abnormally increased 
skeletal activity. B, Radiograph discloses 
generalized mottled appearance of bone, 
characteristtc of metastatic breast can- 
cer. 


Fig. 4.—False-negative radionuclide 
bone scan in man with metastatic renal 
cell carcinoma. A. Lesion is obscured on 
scan by bladder activity. B, Radiograph 
reveals lytic metastasis and pathologic 
fracture (arrow). 


A 


such as pathelogically proved stage-| carcinoma of the breast 
[8-11]. Needie biopsy may be especially helpful to rule out a 
metastasis when the suspected lesion is in an area of bone 
that has prewously been irradiated [12, 13]. Radiation necro- 
sis of bone (Fig. & is often misdiagnosed and treated as 
recurrent cancer. Osteonecrosis of the femoral head, which 
may be the result of corticosteroid treatment or radiotherapy, 
may also=simulate a metastasis. 
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General Considerations in Palliative Treatment 


Most patients with metastatic cancer are incurable. Facing 
the truth may be extremely difficult for the patient, the family, 
and the physician, but it is often necessary to Go so in order 
for an effective and caring relationship between the physician 
and patient to be established and maintained. The more 
common metastatic malignancies in adults for which chemo- 
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therapy or hormonal therapy is capable of inducing a relatively 
high response rate (and in some cases even complete remis- 
sion) include the lymphomas, testicular cancers, and ovarian, 
thyroid, breast, and prostate carcinomas. Patients with bone 
metastases in whom any form of therapy, including radiation 
therapy, is less likely to be helpful are those who are bedrid- 
den, anemic, or hypercalcemic, those who have five or more 
osseous metastases, or those who have other dire forms of 
metastasis such as lymphangitic pulmonary spread, progres- 
sive liver metastases, or deposits in the central nervous 
system [14]. The median survival times for a group of 1000 
patients who were irradiated for various bone metastases 
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Fig. 5.—False-positive radionuclide 
bone scan resulting from Paget's disease 
of T12 vetebra. A, Scan demonstrates 
intense radionuclide activity at T12. B, 
Radiograph reveals coarsened vertebral 
trabeculae and vertebral enlargement of 
Paget's disease. 


Fig. 6.—False-positive radionuclide 
bone scan resulting from radiotherapy of 
Supra- and infraciavicular lymph nodes 
during treatment of breast carcinoma. A, 
Scan discloses strikingly increased activ- 
ity in left scapula. B, Radiograph reveals 
mottled densities in clavicle, ribs, and sca- 
pula and foci of lytic destruction and path- 
logic fractures in scapula and ribs. The 
abnormalities were confined to the radia- 
tion portals and were unchanged from 
radiographs performed several years ear- 
lier. 


were 1 year for patients with breast cancer, 6 months for 
those with prostatic cancer, and only a few months for those 
with metastases from lung cancer [15]. Because the life 
expectancy of some patients with metastatic bone disease 
may be so limited, even short-term complications of palliative 
therapy are undesirable. The planned treatment plan should 
also be short and the costs minimized. 


Specific Considerations in Treating Bone Metastases 


The clinician and the radiologist should be wary of aggres- 
Sive osteolytic lesions from myeloma or hypernephroma me- 
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Fig. 7.—dentification:of bone metastasis. Scans are performed in selected 
high-risk patients, even when they are asymptomatic. 


tastases (Fig. 8). These lesions are often highly vascular and 
may appear to enlarge during or immediately after palliative 
radiation therapy, possibly as a result of hemorrhage. They 
are commonly associated with severe pain, which may persist 
or even worsen during the course of treatment. On the other 
hand, a sudden anad:severe increase in bone pain may suggest 
a patholegic fracture, even if the radiographs appear to be 
unchanged. Mere movement from stretcher to bed or to the 
radiation treatment couch may cause pathologic fractures in 
association with large osteolytic metastases. The proper as- 
sessment of a lytic lesion in the femur requires technically 
adequate radiographs in at least two orthogonal planes. If 
50% or more of the combined cortical width is missing on 
anteroposterior and lateral radiographs, the probability of an 
impending femoral fracture is two out of three. If less than 
50% of the femoral cortex is missing, the probability of 
impending fracture is one out of five [16-18]. Even in the 
absence of severe cortical destruction, patients with painful 
lower-extremity lesions that are larger than 3 cm in diameter 
should net be permitted to bear weight on the affected limb. 

Approximately 70% of patients achieve local relief of met- 
astatic bone pain within 3 months of irradiation, by which time 
some bone repair should also be evident radiographically [19- 
23]. Of the tetal number of irradiated patients who are alive 
at the end of a year, 50% will have persistent local pain relief 
at that time. Retreatment is feasible if bone pain recurs no 
sooner than 6 months after the first course of radiation 
treatment. A simple trial of radiotherapy, without concurrent 
orthopedic stabilization measures, may be justified for bone 
metastases from lung cancer that are greater than 3 cm in 
diameter or that destroy 50% of the combined cortical width, 
since sueh patients have a mean survival time of only 3v2 
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months after a pathologic fracture has occurred Patients with 
breast cancer metastases who have the best chance of long- 
term survival tend to be those who respond to endocrine 
manipulation and/or whose tumors have not recurred quickly 
after having completed adjuvant chemotherapy. The survival 
times of many patients with cancer of the breast, prostate, or 
kidney with one or two slowly growing bone metastases but 
no visceral involvement may be considerably tonger than 1 
year. In particular, the clinical courses of patierts with meta- 
static hypernephroma are notoriously unpredictable: while 
50% can be expected to die within 2 years, some patients 
with one or two slowly growing metastases may have much 
longer survivals. Patients with metastatic prostate cancer that 
progresses rapidly despite estrogen therapy rarely survive 12 
months, while those who respond radiologically as well as 
symptomatically to estrogens may do relatively well over time. 

Pathologic fractures in the extremities usually require sur- 
gery for internal fixation. A fracture involving the femoral shaft 
requires an intramedullary rod, while one in the subtrochan- 
teric portion of the femur may need a nail or, with extension 
to the intertrochanteric region, a nail-plate or nail-rod combi- 
nation (Fig. 8). Involvement of the femoral neck or head may 
require hemiarthroplasty or, if the joint space cr acetabulum 
is involved, a total hip replacement (see below). If postoper- 
ative radiotherapy is required, compensation must be made 
for absorption of radiation by a metallic fixation device, which 
may reduce the dose by as much as a 20% to adjacent bone 
(or tumor). 

In the postfixation and/or postirradiation period, monthly 
radiographs of pathologic fractures should be performed to 
demonstrate stability of the prosthesis as wel as bone re- 
mineralization. Some healing and radiologic evidence of sta- 
bility should be present at 3 months. Progressive pain usually 
implies a treatment failure, even if the radiographs appear 
unchanged. If methylmethacrylate cement has been used, 
subtle osteolysis caused by recurrent cancer may be difficult 
to detect. If bone pain persists despite treatment, additional 
radiographs should be obtained to evaluate areas outside the 
radiation portal. In patients with intransigent hip or thigh pain, 
for instance, these might include views of the entire femur 
and pelvis, or (for radicular pain) the vertebrae from T10 
through L5. Unfortunately, the clinical parameters tnat are 
used to follow treatment response, including pain relief and 
improved ambulation, are imprecise. Serial radionuclide bone 
scans may also be difficult to compare with each other, and 
posttreatment radiographs may not show early repair that is 
occurring in the treated bone. After successful treatment, 
radiographic evidence of complete remineralizetion requires 
at least 4 months. 


Metastases in the Acetabular Region 


While severe pain and limitation of motion mey result from 
metastases to the inferior portion of the acetabulum and to 
the superior and inferior pubic rami, lesions confined to these 
areas do not predispose to dislocation of the emoral head 
[24]. On the other hand, special attention must be paid to the 
superior and medial walls of the acetabulum, since they 
transmit weight-bearing stress from the femora head to the 
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pelvis and their destruction may lead to protrusio acetabuli. 
Even if radiation has eradicated a metastatic tumor in the 
acetabulum, the residual bone defect may create a weakened 
joint. Superomedial displacement of the femoral head through 
weakened bone, whether treated or not, may eventually lead 
to a painful, useless hip. 

Improvements in prosthetic devices and the use of meth- 
ylmethacrylate cement to fill metastatic defects in bone have 
revolutionized the orthopedic management of pathologic frac- 
tures [25]. Whereas surgical intervention previously resulted 
in a functional limb in only 50% of cases, the success rate is 
now over 80%. As indicated earlier, prophylactic surgical 
intervention may obviate a pathologic fracture caused by an 
osseous metastasis that is larger than 3 cm or that destroys 
more than 50% of the combined cortical width of a weight- 
bearing bone, with less morbidity and more rapid postopera- 
tive recovery than when surgery is deferred until a fracture 
occurs. 


Metastases in the Skull Base 


Metastatic lesions in the skull base arise most commonly 
from carcinoma of the breast, lung, or prostate and present 
as one of four clinical syndromes [26, 27]. (1) The orbital 
syndrome consists of pain, diplopia, proptosis, and external 
opthalmoplegia and is caused by a metastatic lesion in the 
orbit, usually with bone destruction. A clinical response to 
radiotherapy will occur in less than 50% of patients. (2) The 
parasellar and middle fossa syndrome consists of headache, 
ocular paresis without proptosis, and facial numbness caused 
by invasion of the maxillary and mandibular divisons of the 
fifth cranial nerve. Radiographic changes often occur late, 
and radiation may sometimes have to be administered without 
a documented tumor mass or bone destruction. The overall 
response rate to radiotherapy is greater than 50%. (3) The 
jugular foramen syndrome consists of hoarseness and dys- 
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Fig. 8.—Aggressive osteolytic focus of 
myeloma. A, Frogleg lateral radiograph of 
femur discloses lytic lesion destroying 
large area of cortex. B, Prophylactic inter- 
nal fixation with methyimethacrylate ce- 
ment and intramecullary rod, with nail 
extending into femoral neck. 


phagia, and radiographic confirmation of neoplastic involve- 
ment may be difficult or impossible to obtain. The response 
rate to radiation is less than 50%. (4) In the occipital condyle 
syndrome the patient experiences stiffness and pain in the 
neck, made worse by flexion. The response to radiation is 
greater than 50%. In all four syndromes, CT scans seem to 
provide the most sensitive and accurate depiction of meta- 
static bone lesions when it is possible to document them. The 
differential diagnoses of these syndromes may include a 
carotid or vertebrobasilar aneurysm, the Tolosa Hunt syn- 
drome [28], or even primary neoplasms involving the skull 
base. 


Vertebral Metastases with Spinal-Cord Compression 


Patients with a metastasizing primary tumor and evidence 
of acute or subacute spinal-cord compression usually have a 
poor prognosis. In one series, 50% of these patients died 
within 6 months, whether the diagnostic myelogram was 
positive or not [29]. Since only 50% of all acute cord compres- 
sions are metastatic in origin [29], patients who do not have 
a history of cancer or radiographic evidence of vertebral 
destruction will usually require a surgical procedure for diag- 
nosis. Patients with metastatic compression of the cord may 
experience any of the following symptoms or signs: a new 
pain in the neck or back, radicular pain, motor weakness, a 
sensory level, extensor plantar responses, lax rectal sphincter 
or urinary incontinence, and/or vertebral tenderness. It is 
impractical to obtain a myelogram or a CT scan on every 
patient with a distressing new symptom such as radicular 
pain. Furthermore, even in the presence of clinical spinal cord 
compression, the myelogram may appear normal in up to 
50% of patients with vertebral metastases that are clearly 
visible on radiographs or radionuclide bone scans. 

Normal CT scans and myelograms may also be obtained in 
cancer patients with neurologic deficits that are caused by 
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Fig. 9—NMultiple extradural defects 
caused by vertebral deposits of meta- 
static fibrosarcoma. A, Metrizamide in- 
stilled into lumbar subarachnoic space 
shows incomplete block at L3 and com- 
plete block at L5. B, Metrizamide instilled 
by way of C1-C2 puncture shows com- 
plete block at T3. 


paraneaplastic syndromes such as carcinomatous myopathy 
or neuropathy. Patients with cerebellar degeneration second- 
ary to a tumor outside the CNS may manifest ataxia, which 
in turn can simulate the motor weakness caused by medullary 
or spina!-cord compression. The presence of nystagmus and/ 
or impairment of equilibrium may provide useful clues in these 
patients. Elevated cerebrospinal fluid protein and pleocytosis 
may accompany some paraneoplastic syndromes (without 
metastatic involvement in the central nervous system). The 
differential diagnosis of signs and symptoms suggesting med- 
ullary or spinal-cord compression in a cancer patient with a 
negative myelogram also includes radiation myelopathy, her- 
pes zoster, subacute necrotic myelopathy, pain from a pelvic 
or long bone metastasis, anterior spinal artery occlusion, or 
retroperitoneal tumor. Nonmalignant causes of spinal-cord or 
corda-equina compression in a cancer patient may also in- 
clude a herniated intervertebral disc, an osteoporotic vertebral 
fracture, or an intraspinal (epidural) abscess. 

With tumor involvement of the spine, rapid evolution to 
complete paraplegia over several hours may imply that a 
spinal cord infarct is contributing to the problem, and this 
form of paraplegia is usually irreversible. Conversely, a rapid 
symptomatic response to corticosteroids may imply that cord 
edema is an important contributing factor in the long tract 
deficit. If signs or symptoms of acute spinal cord compression 
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are not influenced favorably by high-dose corticosteroids, 
further treatment of a known metastasis by irradiation and/or 
laminectomy will usually prove futile. The success of local 
treatment depends upon selecting patients with slowly de- 
veloping spinal-cord compression who have some remaining 
motor function. 

Patients with a complete block of the spinal canal from an 
epidural metastasis will often have additional epidural depos- 
its at other levels. At least 10% of patients with a partial block 
will also have noncontiguous epidural metastasis [30, 31]. In 
a cancer patient with acute cord compression, the known 
presence of a recent vertebral fracture or radiographic evi- 
dence of metastatic involvement of a verteoral body will 
usually indicate that the cause of the compression is anterior 
to the cord, and an anterior surgical approach for decompres- 
sion will be preferable to a laminectomy [32]. Ambulatory 
cancer patients who require anterior decompressions have 
median survivals of about 8 months, whereas nonambulatory 
patients who are treated similarly have median survivals of 
only 2 months. While much clinical attention has been devoted 
to the importance of radiographic destruction cf the vertebral 
pedicles and to the role of Batson’s venous piexus in tumor 
spread around the spine, over 80% of metastatic tumors 
within the epidural space come from a contiguous vertebral 
body. Lymphomas are frequent exceptions: CT scans in these 
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patients may reveal large retroperitoneal lymphoma deposits 
that have reached the epidural space through the interverte- 
bral foramina, with little or no contiguous bone destruction. 

A myelogram injection is not routinely performed cephalad 
to an epidural deposit after it has been confirmed by a contrast 
injection from below, even when the spinal block has been 
demonstrated to be complete. However, if the patient is 
experiencing weakness simultaneously in the upper and lower 
extremities and a myelogram from below demonstrates a 
complete block at the level of the midspine, then a myelogram 
injection from above may be indicated to search for a second 
epidural lesion, which may require additional radiation treat- 
ment (Fig. 9). In the presence of specific symptoms, limited 
or focused CT examinations of the spine can be extremely 
helpful for depicting spinal-cord compression and should be 
directed specifically to the level(s) where there are radiograph- 
ically or scintigraphically demonstrated vertebral lesions. Lep- 
tomeningeal tumor infiltration may also occur in association 
with epidural metastases, usually with carcinomas of the lung, 
stomach, or breast, or with aggressive lymphomas or mela- 
nomas. The presence of cancer cells in the spinal fluid is an 
ominous sign, and the clinical outcome, regardless of treat- 
ment, is likely to be poor. 
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The Coexistence of 
Congenital Megacalyces and 
Primary Megaureter 





Congenital megacalyces is a rare developmental condition of the kidney consisting 
of hypoplasia of the medullary pyramids and dilatation of the calyces. There is no 
obstruction. Primary megaureter is a form of obstructive uropathy in which there is an 
obstructing juxtavesical segment of ureter that is normal in caliber but that is aperistaltic. 
These conditions were found to occur simultaneously in the same patient six times 
during the past 10 years. Recognition of this rare coexistence is important so that 
unnecessary surgery can be avoided. 


Congenital megacalyces is a condition in which there is developmental hypoplasia 
of the medullary pyramids and associated dilatation of the calyces [1-6]. There is 
no obstruction and the infundibula, renal pelvis, and ureter are normal. The condition 
is not progressive and surgical treatment is not necessary [3-5]. 

Primary megaureter is one of the major causes of obstructive uropathy in children 
[7]. The ureter is dilated because it has a short juxtavesical segment that is normal 
in caliber but that is also aperistaltic, and thus is functionally obstructed. The 
obstruction varies in severity, and it causes corresponding degrees of pyelocalyec- 
tasis and renal functional impairment. It usually neither progresses nor improves. 
When the obstruction is severe, excision of the aperistaltic segment and reimplan- 
tation of the ureter are necessary. 

These conditions occasionally coexist [8, 9]. This report documents this occur- 
rence in six children, explains how to recognize it, and discusses its implications. 


Materials and Methods 


A review of the records of the Department of Radiology at The Children’s Hospital for 10 
years (1973-1983) revealed that 75 children had undergone surgical correction for primary 
megaureter. Over the same time, 17 children were seen with congenital megacalyces. In six, 
the two conditions coexisted. The medical records, radiographs, operative notes, and follow- 
up of these six cases were reviewed. 


Results 


The three boys and three girls in whom megacalyces and primary megaureter 
coexisted ranged in age from 8 to 22 years at the time of their first urogram. All 
were Caucasian. Four of the patients had their first radiologic evaluation because 
of urinary-tract infection, one because of hematuria, and one because of flank pain. 

Megacalyces was unilateral in all cases; in five patients, it was seen on the left 
(in one of these, it affected only the lower moiety of a duplex collecting system). In 
only one child was megacalyces seen on the right, and this was the patient's only 
kidney. Primary megaureter was unilateral in four patients (in one it affected only 
the lower-pole ureter) and bilateral (but of different degrees of severity) in two. 
Contralateral vesicoureteral reflux was present in one patient, and taree patients 
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Fig. 1.—Mild primary megaureter and megacalyces. No surgery. Early film 
from excretory urogram showing left kidney. Duplex collecting system. Upper 
moiety of kidney is normal. Lower moiety is enlarged and there is an increased 
number of dilated calyces that fit together like pieces of a mosaic. Ureteropelvic 
junction is normal. Dilatation of distal third of ureter. Contrast agent is well 
concentrated. 

Fig. 2.—Severe primary megaureter plus megacalyces. Proper surgery 


had developed calculi in the dilated calyces. One patient had 
Stickler syndrome. Two have required no treatment, three 
have undergone excision of the aperistaltic segment and 
reimplantation (after reduction ureteroplasty—ureteral taper- 
ing), and one had a series of ill-advised operations. Details 
are given in the following case reports. 


Representative Case Reports 
Case 1 


A 12-year-old boy who was otherwise in good health presented 
with asymptomatic hematuria that resolved after 4 days. An excretory 
urogram (EU) done elsewhere had been interpreted as showing a 
duplex,left kidney with hydroureteronephrosis of the lower pole (Fig. 
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performed. A, Left kidney and ureter, late film from preoperative excretory 
urogram (EU). Hydroureteronephrosis. Calyces, infundibula, pelvis, and ureter 
are very dilated and contrast material is dilute on this EU. B, Left kidney and 
ureter, early film from postoperative EU. Ureter, pelvis, and infundibula are now 
normal in caliber, but calyces remain dilated. They are increased in number and 
are arranged in mosaiclike pattern. No signs of obstruction other than dilated 
calyces. Contrast agent is well concentrated. 


1). The patient was referred to The Children’s Hospital for further 
evaluation. Voiding cystourethrography (VCUG) was normal. The 
diagnosis of mild left lower-pole primary megaureter coexisting with 
congenital megacalyces was made on the submitted study. Surgery 
was considered unnecessary since the megaureter was thought to 
be mild in degree and the dilatation of the calyces not secondary to 
obstruction. Reevaluation 1 year later by nuclear renal scan using Tc- 
99m dimercaptosuccinic acid showed normal left lower-pole uptake. 
Serial EUs over 6 years have shown no change, and the patient has 
remained well. 


Case 2 


An 11-year-old boy had been in good health until he developed 
acute left flank pain, nausea, and vomiting. He was admitted to his 
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Fig. 3.—Moderate primary megaureter 
plus megacalyces not recognized. Sev- 
eral ill-advised operations. A, Solitary 
right kidney, early film from preoperative 
excretory uregram (EU). Hydrouretero- 
nephrosis. Calyces, infundibula, pelvis, 
and ureter are dilated. Contrast agent is 
well concentrated. B, Early film from EU 
after ill-advised creation of pyeloileal con- 
duit. Calyces remain dilated. No cther 
urographic siens of obstruction. Compare 
with A. 





local hospital where an EU was correctly interpreted as showing left 
hydroureteronephrosis.with obstruction at the ureterovesical junction 
(Fig. 2A). YCUG was normal except for Grade Ill/V contralateral 
reflux. He was referred to TCH where he underwent bilateral ureteral 
reimplantation with tapering of the left distal ureter. Follow-up EU 6 
months later showed that the dilatation of the ureter, pelvis, and 
infundibula on the left had resolved. Only the calyces remained dilated 
(Fig. 2B). There was no sign of obstruction other than dilatation of 
the calyces. On this latter study, left congenital megacalyces was 
recognized. No further-surgery has been done, none is needed, and 
his studies have remained stable. He has been asymptomatic except 
for one episode of left colic, presumably caused by passage of a 
stone. 


Case 3 


A 13-year-old boy with recurrent urinary tract infections was ad- 
mitted to The Children's Hospital for evaluation. He had an EU that 
demonstrated a solitary right kidney with hydroureteronephrosis (Fig. 
3A). VCUGawasnormal. He was correctly thought to have obstruction 
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at the ureterovesical junction, and so he underwent excision of the 
distal ureter plus tapering and reimplantation. His calyces remained 
dilated and this was misinterpreted as a sign of persistent obstruction; 
as a result, he then had unnecessry tapering of the upper ureter. The 
calyces remained dilated, and again this was incorrectly thought to 
represent continuing obstruction; consequently, he had another un- 
necessary operation during which a pyeloileal conduit was fashioned 
(Fig. 3B). His course was then complicated by symptomatic calyceal 
stones. When he was 23 years old, the patient was reevaluated, and 
the diagnosis of congenital megacalyces was finally made. He recently 
underwent urinary-tract “undiversion. ” 


Discussion 


Congenital megacalyces is a condition that is more common 
in boys than girls [5] and that has been confused with 
obstructive hydronephrosis [1, 3, 4]. Actually, however, it is 
a congential anomaly in which the medullary pyramids.are 
hypoplastic. The pyramids have a semilunar configuration, 

y ah 
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instead of their normal triangular or cone shape, and the tip 
of each papilla is flat. There is corresponding enlargement of 
the calyces with convexity (instead of the usual concavity) of 
the juxtapapillary portion [4]. Thus, the calyces have neither 
fornices nor papillary impressions. The infundibula, pelvis, and 
ureter are normal and there is no obstruction. The affected 
kidney is usually larger than normal and it has prominent fetal 
lobations [4, 6]. In addition to being dilated, the calyces are 
increased in number and are polygonal and facetted, seeming 
to fit together like the pieces of a mosaic [1, 4-6]. This is in 
contrast to the calyces in obstructive hydronephrosis, which 
are globular or spherical in shape. Angiography is not neces- 
Sary for diagnosis, but in the past, when it has been per- 
formed, it has shown normal interlobular end-arteries and 
thinning of the medulla, with normal thickness of the cortex 
[4-6]. This is in contrast to hydronephrosis in which the 
interlobular arteries are displaced and stretched (or arched) 
around the dilated calyces and the cortex is attenuated. These 
observations can now be made by both sonography [10] and 
CT [5]. Histologic examination has shown a normal renal 
cortex and a characteristic arrangement of collecting ducts: 
they are shorter than normal and are oriented transversely, 
instead of having the usual longitudinal arrangement as they 
converge on the papilla [1, 2, 4, 5]. The kidney with congenital 
megacalyces usually has normal function and if no complica- 
tions ensue, neither the function nor the appearance of the 
pelvicalyceal system change and no surgical treatment is 
necessary [4, 5]. The cause is not known, but it has been 
hypothesized that the condition represents anomalous 
branching of the ureteric bud [1, 11]. Its occurrence in one 
moiety of a duplex kidney (Fig. 1) lends credence to this 
theory. 

Primary megaureter, a type of obstructive uropathy, is also 
more commonly found in boys than in girls [7]. The resulting 
hydroureteronephrosis varies in severity and tends to be 
stable when uncomplicated [7, 12]. Symptoms are uncom- 
mon. When signs and symptoms do occur, they are usually 
acute and are due to superimposed sudden blockage of the 
distal ureter by stone, blood clot, or edema from infection. 
The obstruction is due to an undefined abnormality in the wall 
of a short portion of the juxtavesical segment of ureter. An 
aganglionic segment like that in the colon in Hirschsprung’s 
disease has been postulated but not yet proven [13]. The 
treatment is either expectant if the obstruction and hydro- 
ureteronephrosis are mild, or surgical if they are severe; the 
latter consists of excision of the distal aperistaltic segment 
and reimplantation of the ureter, with reduction ureteroplasty 
if needed. The upper ureter and pelvicalyceal system often 
dramatically decrease in caliber after successful surgery [7, 
14, 15]. 

It is rare for megacalyces and primary megaureter to be 
present in the same patient [8, 9], but recognition of their 
coexistence is important if urograms are to be interpreted 
correctly and unnecessary operations avoided. If the obstruc- 
tion of the distal ureter is mild, each condition can immediately 
be recognized as a separate entity. In this situation, it is 
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important to realize that the dilatation of the calyces is not 
related to the dilatation of the ureter; otherwise, unnecessary 
surgery on the distal ureter may result. If the obstruction is 
severe, it may not be possible to diagnose megacalyces 
before reimplantation because, in addition to the calyces, the 
renal pelvis and infundibula will also be dilated. However, 
once corrective surgery on the distal ureter is performed and 
the caliber of the upper ureter, renal pelvis, and infundibula 
decrease, the characteristic appearances of megacalyces will 
become evident. It is crucial at this stage to recognize the 
coexisting anomaly, megacalyces, and not to confuse the 
nonobstructive calyceal dilatation for a sign of unrelieved 
obstruction; otherwise unnecessary reoperation may result. 
If persistent obstruction is present, signs of obstruction on 
the urogram (other than dilatation of the calyces) should be 
present, such as a delay in the appearance of contrast ma- 
terial in the calyces, visualization of calyceal crescents, or 
dilated ducts of Bellini. Megacalyces is sometimes misinter- 
preted as persistent obstruction over and over again, as 
happened with our case 3. If there is any question about the 
presence of persistent obstruction, there are several basic 
uroradiologic methods to test for it, such as provocation by 
furosemide during the EU or radionuclide scan, or antegrade 
pyelography with a pressure-flow study. 
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Ossification Center of the 
Infant Hip: Sonographic and 
Radiographic Correlation 





A new sonographic technique for evaluating the ossification center of the infant’s hip 
allowed identification of the ossific nucleus before it could be visualized radiographically. 
With this technique, delay in ossification associated with hip pathology can also be 
recognized. Proper assessment of the size of the ossific nucleus requires scanning in 
orthogonal planes. Acoustic shadowing causes the growing ossification center to appear 
curved and may make the medial acetabulum and triradiate cartilage difficult to identify. 
Sonographic hip evaluation usually ceases to be reliable in children over 1 year old. 


The ossification center of the capital femoral epiphysis is an important radi- 
ographic landmark in the hip of the neonate. This landmark becomes visible 
radiographically between the sixth week and eighth month of life [1]. In the presence 
of congenital hip dislocation, however, the development and radiographic appear- 
ance of the center are usually delayed; if the opposite hip is normal, asymmetry 
between the two ossification centers may persist for 6 to 12 months 2]. 

The echogenic central ossification center in the developing femoral head is 
surrounded by relatively anechoic cartilage and may easily be seen with sonography 
(Fig. 1). From our experience with real-time sonography of the hip joint in the infant, 
several observations can be made concerning the ossific nucleus. 


Materials and Methods 


Our technique for examining the infant's hip with real-time sonography consists of trans- 
verse and coronal sections obtained with the hip in neutral and flexion positions, respectively 
(3, 4]. The transducer is positioned over the lateral aspect of the hip (Fig. 2). We have found 
a frequency of 7.5 MHz to be optimal for infants up to 3 months old; 5.0 MHz for those 3 to 
7 months old; and 3.0 MHz for infants from 7 months to 1 year old. 

We reviewed the hard-copy (film) images from 371 sonographic studies performed in 296 
patients; some infants had serial studies during treatment for hip dislocation, dysplasia, or 
both. Because both hips were evaluated routinely at each examination, a total of 742 records 
was surveyed. 

Decisions concerning the presence and character of the ossification centers were based 
on appearance in both transverse and coronal planes. When the nucleus was present, its 
longest sonographic dimension was determined, and its length was estimated using the scale 
recorded on the image (Table 1). 

In addition to being graded for size, each ossification center was classified as focal spot, 
linear, slightly curved, or greatly curved in configuration using the most advanced sonographic 
appearance of the ossific nucleus noted in either view. 

Radiographs were reviewed for comparison with the sonographic studies. In many in- 
stances, the radiographs were not obtained at the same time as the sonograms, because we 
use sonography of the hip routinely in place of repeat radiographs. For this report, only those 
cases in which a radiograph was obtained within 1 week of the sonogram have deen included. 
The size of the ossific nucleus was measured directly from the radiographs (Table 1). 

Right and left sides were compared in 150 cases in which both hips had been examined 
and in which ossification centers were detected bilaterally on both sonographic and radi- 


318 HARCKE ET AL. 


ographic studies. Asymmetry on sonograms was judged visually by 
size and configuration; on radiographs it was defined as a difference 
in size between the ossific nuclei of greater than 0.2 cm. 


Results 


The results of sonographic and radiographic studies of the 
femoral-head ossification center in 742 hips are presented in 
Table 1. Sonography identified the ossification center in 343 





Fig. 1.—Coronal sonogram of hip joint with femur flexed. Transducer is 
positioned over lateral aspect of hip (L) and echoes from bony ilium (closed 
arrows) are superior (S) to femoral head. Within anechoic femoral head, echoes 
from ossification center are easily seen (open arrow). 
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hips, whereas radiography detected only 292 centers. Table 
2 compares the findings of the two techniques. Radiographic 
and sonographic findings were in agreement that ossification 
centers were absent in 398 hips and present in 291. In 52 
cases, sonography detected ossification when radiographs 
did not (Fig. 3). In only one case did sonography fail to detect 
ossification observed on the radiograph. 

In 122 (81%) of 150 cases, sonographic and radiographic 
findings were in agreement on the symmetry or asymmetry 
of the ossific nuclei (Fig. 4). In 28 (19%) of the 150 cases, 
conflicting results were found, with sonography revealing 


TABLE 1: Comparison of Size of Femoral Ossification Center 
as Determined by Sonography and Radiography 


SS 


Size of Ossification Genter 














No. of Hips 
Sonography* Radiography” 

398 0 0 
1 0 1 
52 1 0 
105 1 1 
23 1 2 
29 2 1 
85 2 2 
33 2 3 

1 3 2 
15 3 3 


* Code for sonographic sizes: 0 = no center present; 1 = center < 0.5 cm: 2 = center > 
0.5 cm but acetabulum visible; 3 = center size large enough to prevent adequate visualization 


of acetabulum. 


? Code for radiographic sizes: 0 = no center present; 1 = center < 0.5 cm; 2 = center 


> 0.5 cm but < 1.0 cm; 3 = center > 1.0 cm. 





Fig. 2.—Clinical photographs demonstrate placement of transducer over hip joint in transverse-neutral (A) and coronal-flexion (B) views. 
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symmetric centers in 13 cases and asymmetric centers in 15 
cases when radiographs showed opposite findings. 


Discussion 


When sonegraphic and radiographic characteristics of the 
ossification center of the infant’s hip are compared, the center 
is assumed to be approximately spherical in the transaxial 
plane. The sonographic measurements in both transverse 


TABLE 2. Presence:and Symmetry of Femoral Head 
Ossification Center: Radiographic-Sonographic Correlation 





ee Radiography Sonography ih eel 
Present? 1 52 291 
Absent 52 1 398 
Symmetric? 15 13 62 
Asymmetric 13 15 60 


ee 
* Total number ef hips = 742. 
> Total number ef cases = 150 (ossification centers present bilaterally on both sonogram 
and radiograph). 









and coronal views represent anteroposterior diameters of the 
center. On the anteroposterior view of the pelvis, however, 
the mediolateral diameter is measured. Because the nucleus 
may actually appear somewhat elliptical in tne transaxial 
plane, this is a major source of disagreement in our measure- 
ments (Table 1). For example, in 23 cases sonography deter- 
mined the center to be 0.5 cm or less in diameter while 
radiographic measurement showed the nucleus to be greater 
than 0.5 cm. In 29 cases, sonography estimatec a nucleus to 
be larger than 0.5 cm in diameter while the radiographic 
measurement was 0.5 cm or less. This suggests that the 
sonographic measurement did not tend to underestimate size 
in this range. Lack of sphericity of the ossification center in 
the transaxial plane is the most likely explanation for these 
observations. When nuclei measured more thar 1.0 cm radi- 
ographically, however, sonography did tend to underestimate 
the size to some extent. Therefore, the presence of larger 
nuclei may affect the accuracy of the sonographic measure- 
ment. 

Assessment of hip position by our real-time technique relies 
principally on the relationship of the femoral head to the 
triradiate cartilage. When the ossific nucleus ‘s present, it 


Fig. 3.—Six-month-old girl. A, Pelvic radiograph reveals no cssification center 
within either femoral head (arrows denote sonographic planes). 3, C, Sonograms 
in transverse plane show small ossification centers (curved arrows) on both right 
(B) and left (C). Femoral head is normally positioned against triradiate cartilage 
(open arrow) bilaterally. L = lateral; P = posterior. 
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creates a zone of acoustic shadowing medially that affects 
visualization of the triradiate cartilage, and this shadow may 
even be mistaken for the triradiate cartilage on the transverse- 
neutral view (Fig. 5A). To avoid a false interpretation of hip 
position, the transducer is angled so that the plane of the 
sector passes above or below the ossific nucleus, permitting 
visualization of the triradiate cartilage medially (Fig. 5B). 

This study demonstrates clearly the ability of sonography 
to detect ossification within the cartilaginous femoral head 
before it is visible radiographically, an observation made pre- 
viously by Graf [5]. In the one hip in which sonography failed 
to show an ossific nucleus when one was present on the 
radiograph, the plane of the sonographic beam was probably 
directed above or below the tiny ossific nucleus, and the 
examiner failed to sweep carefully cephalad or caudad 
through the femoral head. 

Sonography correctly detected asymmetry 81% of the time 
(Table 2), again assuming that the femoral heads were spher- 
ical. In 13 cases sonography suggested symmetry but radi- 
ographic measurements showed asymmetry of 2 to 5 mm. In 
the 15 cases in which sonography detected asymmetry and 


Fig. 4.—5-month-old girl being treated for left hip dysplasia. A, Radiograph 
shows asymmetry (arrows indicate planes of transverse sonograms). B, C, 
Transverse sonograms of hips show ossification center (arrow) on the right (A) 
to be larger and to have a greater curvature than ossification center on left (B). 
L = lateral, P = posterior. 





radiography did not, the differences in symmetry found by 
sonography were less than 5 mm. Although lack of sphericity 
is again the most likely explanation for this, the possibility 
exists that sonography identifies less dense ossification, 
causing the nucleus to appear larger sonographically. In ad- 
dition, measurements from sonographic images are more 
subjective, and the maximum diameter will depend on which 
image the examiner chooses to record. 


Conclusion 


In infants being evaluated or treated for congenital hip 
dislocation or dysplasia, the appearance and growth of the 
ossification center of the captial femoral epiphysis have been 
used as both diagnostic and management indicators. Sonog- 
raphy can be substituted for follow-up radiographs and, in 
addition, allows the ossification center to be visualized earlier. 
Sonographic findings correlated with radiographic results in 
80% of the hips we studied. Discrepancies can be explained 
by lack of sphericity of the center, as the images were 
obtained in different projections. 
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Fig. 5.—Transverse sonograms of hip with femur in neutral position. Trans- 
ducer is positioned over lateral aspect of hip (L) and anterior (A) direction is 
indicated. A. Ossific nucleus creates acoustic shadows medially (closed arrow) 


REFERENCES 


1. Caffey J. Pediatric x-ray diagnosis, Vol. 2, 7th ed. Chicago: Year 
Book Medical, 1978:1017 

2. Ozonoff MB. Pediatric orthopedic radiology. Philadelphia: Saun- 
ders, 1979:127-131 

3. Hareke HT, Clarke NMP, Lee MS, Borns PF, MacEwen GD. 
Examination of the infant hip with real-time ultrasonography. J 


that obscure triradiate cartilage. B, Angling transducer so plane of sector 
passes above or below ossific nucleus permits visualization of triradiate carti- 
lage medial to femoral head (open arrow). 


Ultrasound Med 1984;3:131-137 

4. Clarke NMP, Harcke HT, McHugh P, Lee MS, Borns PF, Mac- 
Ewen GD. Real-time ultrasound in the diagnosis of congenital 
dislocation and dysplasia of the hip. J Bone Joint Surg [Br] 
1985;67: 406-412 

5. Graf R. New possibilities for the diagnosis of congenital hip joint 
dislocation by ultrasonography. J Pediatr Orthop 1983;3:354- 
359 


322 





Neonatal Umbilical Artery Pseudoaneurysm: Sonographic 


Evaluation (Case Report) 


Michael E. Katz,' Jeffrey M. Perlman,” Eric D. Tack,? and William H. McAlister’ 


Umbilical artery catheterization is performed in up to 2% of 
all infants in the United States [1]. The rate of major compli- 
cations such as thromboembolism, mycotic aneurysm, and 
arterial injury resulting from the use of umbilical artery cathe- 
ters ranges from 1.5 to 30%, with most reports showing rates 
of 3 to 10% [1-3]. Direct catheter trauma to the umbilical 
artery Causes a range of complications from inconsequential 
periarterial hematomas to complete arterial perforation with 
€xsanguination [4, 5]. This report describes another catheter- 
induced vascular lesion, traumatic umbilical artery pseudo- 
aneurysm, which to our knowledge, has not previously been 
described. 


Case Report 


The patient was a 30-week-old twin girl born to a 20-year-old 
woman. The infant's size was appropriate for her gestational age. 
After premature rupture of membranes and the onset of contractions 
unresponse to tocolytic therapy, the infant was delivered via cesarean 
section for a breech presentation. Because of increasing respiratory 
difficulties, the infant was intubated and placed on continuous positive 
airway pressure. 

Attempts at catheterizing the right umbilical artery using a 3.5- 
French Argyle polyvinyl chloride umbilical vessel catheter were un- 
successful. The left umbilical artery was then catheterized without 
difficulty to a level of L2-L3. Shortly afterward, a 2 x 2 cm firm, 
nonpulsatile suprapubic mass was detected. Gradually, the mass 
increased in size to approximately 4 cm above the symphysis pubis 
(Fig. 1). Vital signs remained stable but urine output decreased to 
less than 5 ml/hr and the hematocrit fell from 59 to 27 over a 4-hr 
period without any other evidence of bleeding. Suprapubic puncture, 
performed to determine if the mass was a distended bladder, yielded 
a small amount of bloody material. The diagnosis of hydrometrocol- 
pos was entertained, and a portable sonogram was requested. 

Sonography was performed twice on the first day of life and on 
the second, sixth, 13th, 33rd, and 49th days of life. All scans were 
performed on the Acuson 128 computed sonographic unit (Acuson, 
Mountain View, CA) using 5-MHz electronically phased linear array 
and sector transducers. The first two sonographic examinations 
performed 6 hr apart showed two structures side by side in the lower 
abdomen and pelvis (Fig. 2). The structure on the left was confirmed 


as the bladder by instilling saline through a urethral catheter. The 
structure on the right corresponded to the clinically palpable mass, 
an ovoid, mostly solid mass with a whorled pattern of inhomogeneous 
echoes. It extended from just below the umbilicus obliquely toward 
the groin along the expected course of the right umbilical artery. Just 
to the right of its center was a nearly anechoic t2 x 8 x 7 mm fluid 
space that pulsated noticeably. A small echogenic strand was seen 
oscillating in the lumen with each heartbeat. Low-level echoes were 
Swirling in the lumen, and they immediately and dramatically increased 
when the umbilical artery catheter was flushed with saline, confirming 
direct arterial communication (Fig. 3). The right iliac vessels were 
identified deep to the mass, confirming that the pseudoaneurysm did 
not arise from these structures. Conservative management including 
multiple blood transfusions restored blood volume, and urine output 
normalized. 

Within 24 hr, the central lumen of the pseudoaneurysm had de- 
creased to 5 x 5 x 5 mm. A limited aortoiliac arteriogram, performed 
on the third day of life via the left umbilical artery catheter, failed to 
show the pseudoaneurysm, and it was thought that the vessel had 
thrombosed. The fourth sonogram, done on the sixth day of life, 
showed the central lumen to be gone, the overall echogenicity in- 
creased, and the margins of the mass better defined. Over the next 
6 weeks, the mass gradually decreased in size and developed an 
increasingly echogenic rim (Fig. 4). The center became relatively 
homogeneous with low-level echoes. 


Discussion 


The most common result of catheter perforation of an 
umbilical artery is a simple hematoma that does not contain 
flowing blood. Rarely, the rent does not seal over and pseu- 
doaneurysm or frank rupture with uncontrolled bleeding re- 
sults. Pseudoaneurysm, which results from disruption of all 
layers of a vessel's wall with the flowing blood contained only 
by adjacent fascia and thrombus, may be very difficult to 
distinguish clinically from a complete rupture. This distinction 
and the need for rapid diagnosis are important as there were 
only three survivors in 13 reported cases of frank arterial 
perforation with hemoperitoneum [1, 2, 5-7]. 
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Fig. 4.—Transverse image on 49th day of life reveals 
that an echogenic rim has formed in the pseudoaneurysm. 
Bladder (B) is visible, but spine is obscured by rectal gas. 


Fig. 1.—Plain radiogsaph of abdomen 
early on first day of li. Left umbilical 
artery catheter tip at Le-L3 level. Large 
right pelvic mass displaces small bowel 
superiorly and rectosigmoid leftward. 

Fig. 2.—Transverse view from sono- 
gram on first day of life. Mass (M) with 
hypoechoic center and more echogenic 
layered periphery is seem to right of fluid- 
filled bladder (BL). Degree of bladder shift 
can be gauged by location of spine (SP) 
and left umbilical artery catheter (LUAC) 
(arrow). Eccentric lumer of pseudoaneu- 
rysm is anechoic (arrow#eads). 


Fig. 3.—Longitudinal view showing lu- 
men (arrowheads) of pseudoaneurysm 
immediately before (A) and 2 sec after (B) 
injection of saline into let umbilical artery 
catheter. Note echogenic cloud of micro- 
bubbles after injection. 4ypoechoic cen- 
tral thrombus of pseudoaneurysm ex- 
tends inferiorly almost o right superior 
pubic ramus (R). 


Sonography is clearly the examination of choice in evalua- 
tion of infants with the clinical features of abdominal distension 
or mass and a fall in blood pressure or hematocrit after 
attempted catheterization of the umbilical arteres [8]. A he- 
matoma, which may be present in up to 75% of failed umbil- 
ical-artery-catheter placements, appears as a collection of 
perivascular fluid or low-echogenicity material without evi- 
dence of pulsatile flow [4]. Swirling pulsatile blood flow in the 
center of a mixed-echogenicity mass indicates 9seudoaneu- 
rysm formation. Brilliant “enhancement” of the central lumen 
after intravascular saline injection is confirmetory. Where 
available, pulsed Doppler may make it unnecessary to inject 
microbubbles. A mycotic aneurysm could give mse to similar 
findings, but the clinical history would be different. If a neonate 
with frank intraperitoneal arterial rupture survives long enough 
for a sonogram, intraperitoneal fluid is likely to be the principal 
finding. The lack of intraperitoneal fluid and the presence of a 
thick rind of thrombus may therefore provide sufficient evi- 
dence to allow for conservative management until the umbili- 
cal end-artery thromboses because of the absence of a 
vascular egress. 
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CT Peritoneography in 
Evaluation of Pediatric 
Dialysis Complications 





Intraperitoneal contrast material with CT scanning was used to evaluate three children 
with multiple recurrences of peritonitis and no obvious source of infection while they 
were undergoing continuous-cycling peritoneal dialysis. In one child a loculus of uno- 
pacified dialysate was readily identified, confirming sonographic findings that suggested 
an inflammatory pseudocyst. In the other two children, contrast material dispersed 
throughout the peritoneal dialysate, suggesting that recurrent peritonitis occurred from 
extraperitoneal contamination. CT peritoneography is easily performed with contrast 
material instilled through the peritoneal dialysis catheter. Combining anatomic imaging 
with intraperitoneal-fluid dynamics, this technique should provide more camplete eval- 
uation of the peritoneal cavity than other imaging methods. While additional evaluation 
is necessary, our initial experience suggests the usefulness of CT peritomeography in 
excluding an intraperitoneal source of infection during long-term peritonea: dialysis. 


Continuous-cycling peritoneal dialysis is an accepted procedure for treatment of 
children with end-stage renal disease [1]. Peritonitis is the most common compli- 
cation of continuous-cycling peritoneal dialysis [2] and may be due to breaks in 
sterile technique, infection in the catheter tunnel or at the exit site, or the presence 
of an open urogenital system. Loculated intraabdominal fluid collections or ab- 
scesses occur less commonly, but may cause continuing or recurrert peritoneal 
infection in spite of appropriate antibiotic therapy. While sonography end conven- 
tional abdominal CT are accepted techniques for the evaluation of localized intra- 
peritoneal fluid or abscess, the detection of a loculated collection coexisting with 
generalized intraperitoneal fluid may be problematic with either tecrnique. We 
report the use of CT peritoneography in three children treated with continuous- 
cycling peritoneal dialysis who had experienced multiple recurrent peritonitis. 


Subjects and Methods 


CT imaging was performed on a Siemens DR3 unit using a 3.2- or 4.5-sec scan time. 
Before administration of intraperitoneal contrast material, a single preliminary CT scan was 
obtained at the subdiaphragmatic, subhepatic, umbilical, upper-pelvic, and low-pelvic levels. 
Subsequently, 34 ml/kg of meglumine iothalamate, 282 mgl/ml, was injected using sterile 
technique through the peritoneal dialysis catheter by dialysis personnel. The patient was then 
rotated 2-3 times to allow mixing of the contrast material with the 30-50 ml/kg of dialysate 
present in the peritoneal cavity. CT scans of 8-mm thickness were then obtained from the 
diaphragm through the pelvis. 


Case Reports 
Case 1 


A 12-year-old boy had been undergoing home continuous-cycling peritoneal dialysis for 1 
year because of chronic renal failure secondary to hemolytic uremic syndrome. Peritonitis 
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due to either Staphylococcus aureus or Acinetobacter anitratus oc- 
curred four times during a 10-month period. Persistent right-upper- 
quadrant pain during antibiotic therapy for peritonitis prompted an 
abdominal sonogram, which showed scattered echoes within intra- 
peritoneal fluid in the right upper abdomen (Fig. 1A). CT peritoneog- 
raphy confirmed that this was a noncommunicating collection of fluid 
(Figs. 1B and 1C). Surgical exploration revealed a large inflammatory 
pseudocyst that had been walled off by thickened large and small 
bowels. 


Case 2 


A 16-year-old boy required home continuous-cycling peritoneal 
dialysis after rejection of a kidney transplant at age 14 years. Three 
episodes of peritonitis due to Staphylococcus aureus occurred during 
a 4-month period without evidence of a catheter-tunnel infection. A 
CT peritoneogram was performed to evaluate for an abdominal 
abscess. Contrast material readily dispersed throughout the perito- 
neal cavity (Figs. 2A and 2B), indicating no loculation and no restric- 
tion of dialysate flow. A safety-locking dialysis-catheter connecting 
system has prevented further peritonitis. 


Case 3 


A 33-month-old boy began continuous-cycling peritoneal dialysis 
at age 6 months because of renal failure secondary to posterior 
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Fig. 1.—Case 1. Postinflammatory loculus of dialysate. A, Right coronal sonegram shows subhepatic 
fluid with scattered internal echoes suggesting inflammation. Remainder of dialysate in peritoneal cavity 
was anechoic. F = subhepatic fluid, L = liver. B, Preliminary scan for CT peritoneography at subhepatic 
level. Dialysate in peritoneal cavity is homogeneous. While thickened peritomeum (arrows) suggests 
inflammation, this does not necessarily indicate loculation. C, CT peritoneography confirms that the 
subhepatic fluid is loculated from remainder of dialysate in peritoneal cavity. 





urethral valves. Five episodes of peritonitis and a persistent catheter- 
exit-site infection necessitated a change of the peritoneal catheter at 
age 20 months. Staphylococcus aureus grew from a culture of the 
catheter tip despite adequate antibiotic therapy. After five additional 
episodes of peritonitis over the next 7 months, a CT peritoneogram 
demonstrated complete mixing of contrast material with the dialysate 
and dispersion throughout the peritoneal cavity. Further episodes of 
peritonitis were prevented by adding antibiotics to the dialysate once 
a week. 


Discussion 


CT peritoneography was noted by Roub et al. [3, 4] to be 
useful for defining intraperitoneal anatomy in patients with 
limited abdominal fat; the technique also detected peritoneal 
tumor implants, localized and excluded invasion of intraperi- 
toneal masses, and determined the mural thickness of hollow 
viscera. Dunnick et al. [5] used CT peritoneography to deter- 
mine the distribution of intraperitoneal chemotherapy in pa- 
tients with peritoneal metastasis. CT scanning after intraper- 
itoneal contrast instillation has also been successfully used 
to identify the site of dialysate leakage in patients who develop 
localized abdominal or genital edema while undergoing con- 
tinuous ambulatory peritoneal dialysis [6. 7]. We describe an 
additional diagnostic use of CT peritoneography in chronic 
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Fig. 2.—Case 2. Normal CT pentoneography despite multiple recurrent 
peritonitis. A, Upper abdomen with contrast material dispersed throughout 
dialysate in lesser sac. This locatior could be difficult to evaluate by other 
techniques, and conventional CT would not definitely indicate whether any fluid 


peritoneal dialysis patients that further emphasizes the use- 
fulness of this technique in defining anatomy and fluid dynam- 
ics in the peritoneal cavity. 

Peritonitis is the most common complication of both contin- 
uous-cycling peritoneal dialysis and chronic ambulatory peri- 
toneal dialysis [2]. The reported incidence of peritonitis in 
children treated with continuous-cycling peritoneal dialysis 
varies from 1/3.3 patient-treatment months to 1/13.1 patient- 
treatment months [8, 9], anc in our pediatric chronic-perito- 
neal-dialysis patients is currently 1/5.5 treatment months. Our 
indications for CT peritoneography in continuous-cycling per- 
itoneal dialysis patients have been (1) episodes of recurrent 
peritonitis occurring with greater frequency than the local 
documented recurrence rate and without evidence of cathe- 
ter-related infection or obvious breaks in sterile technique, (2) 
persistent abdominal pain or infection despite appropriate 
antibiotics, or (3) suspicion of dialysate loculation by sonog- 
raphy. CT peritoneography readily evaluates for peritoneal 
adhesions that may limit the effective flow of dialysate 
throughout the peritoneal cavity and loculate infected fluid 
resulting in continued or recurrent peritoneal infection. As in 
our cases 2 and 3, multiple episodes of peritonitis may occur 
without adhesions or loculation. A negative CT peritoneogram 
then suggests external contamination or catheter-related ab- 
dominal-wall infection as the source of recurrent peritonitis. 

We have found that 34 ml/kg of water-soluble contrast 
material (282 mgl/ml) provides ideal opacification when mixed 
with the dialysate that is in the peritoneal cavity. Thus far, no 
adverse effects have occurred using this dosage; however, 
in each case we arranged for the dialysate to be exchanged 
immediately after the CT exam. 

A potential pitfall of CT peritoneography is uncertainty that 
complete mixing of contrast material with the dialysate has 
occurred by the time of CT scanning. Both of our normal 
examinations showed complete dispersion of contrast media 
immediately after instillation and several rotations of the child. 
Therefore, initial incomplete distribution of contrast material 
throughout the dialysate may indicate a loculus. Delayed CT 


present was loculated. LS = lesser sac, arrow = intraperitoneal air from contrast 
injection. B, Lower abdomen with contrast material outlining bowel, readily 
excluding interloop loculation of fluid. Arrow = tip of dialysis catheter. 


scanning after decubitus positioning could be used for confir- 
mation. Further evaluation of these points is needed in a 
larger series of patients before conclusions are justified. 

As in our case 1, sonography may suggest loculated or 
infected fluid in the peritoneal cavity by the irregular shape, 
mass effect, or echo pattern of a fluid collection. However, 
interference from bowel gas and bone may prevent sonogra- 
phy from providing complete evaluation of the peritoneal 
cavity. Abdominal CT with oral contrast material may fail to 
differentiate a small loculus of dialysate from nonopacified, 
fluid-filled bowel. Radiographic peritoneography should readily 
demonstrate a large loculus of dialysate, but small collections 
or those within deep peritoneal recesses (e.g., the lesser sac) 
might be obscured by overlying contrast material. We believe 
that CT peritoneography provides the most complete evalu- 
ation of the peritoneal cavity because axial depiction of anat- 
omy is combined with the dynamics of intraperitoneal fluid 
distribution. 

While further evaluation is necessary, our preliminary ex- 
perience suggests that CT peritoneography is useful in eval- 
uating children undergoing continuous-cycling peritoneal di- 
alysis who have experienced multiple recurrent episodes of 
peritonitis. The technique is easy to perform with instillation 
of contrast material through the peritoneal dialysis catheter 
and overcomes the limitations of other techniques in demon- 
strating intraperitoneal postinflammatory complications. 
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Esophageal Atresia and Hypertrophic Pyloric Stenosis: 
Sequential Coexistence of Disease (Case Report) 


Arthur D. Magilner’:* 


Additional congenital anomalies in association with esoph- 
ageal atresia and tracheoesophageal fistula (TEF) are well 
known. The most commonly associated lesions are other 
atresias of the gastrointestinal tract and imperforate anus, 
but other combinations of the VATER (vertebral defects, anal 
atresia, TEF with esophageal atresia, radial and renal dyspla- 
sia) complex are not uncommon [1]. Hypertrphic pyloric ste- 
nosis complicating the postoperative course of tracheoeso- 
phageal fistula is less well known. There have been 35 cases 
of this combination reported [2-4]. These have appeared in 
the surgical and pediatric literature, with the most recent 
reports published in 1970. Two recent cases of pyloric ste- 
nosis after surgery for esophageal atresia and TEF form the 
basis of this report. 


Case Report 


This 4.1-kg boy had corrective surgery for esophageal atresia and 
TEF on the first day of life (Fig. 1). The postoperative course was 
uneventful, and small feedings were begun on the seventh day after 


Fig. 1.—Barium-filled proximal esoph- 
ageal pouch typical of esophageal atresia. 


Fig. 2.—Antral and pyloric changes 
charactertistic of hypertrophic pyloric ste- 
nosis 18 days after surgery. 


1 





surgery. The patient was about to be discharged when, on the 18th 
day after surgery, he began to regurgitate his feedings. A barium 
swallow to evaluate the anastomosis showed no stricture, but there 
was marked delay in emptying the stomach. Delayed films demon- 
strated the typical appearance of hypertrophic pyloric stenosis (Fig. 
2). Surgical correction of the pyloric stenosis was performed, and no 
further difficulties with feedings developed. 


Discussion 


The frequency of additional congenital anomalies in pa- 
tients with esophageal atresia and TEF is nearly 50% [2]. 
While the association with other anomalies of the gastrointes- 
tinal tract is well known, the occurrence of pyloric stenosis 
as a possible complicating factor during the postoperative 
period is less well appreciated. The frequency of pyloric 
stenosis is approximately one in 400 births. However, in 
patients with esophageal atresia and TEF, its frequency has 
been reported as ranging from 1 to 10% [2-4]. 
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We also saw a second case, which is not detailed In the 
current report. In this case, the symptoms of hypertrophic 
pyloric stenosis did not appear and a dlagnosis was not made 
until 6 weeks after the first surgery for esophageal atresia 
and TEF. 

Most of the literature suggests that pyloric stenosis is an 
acquired entity and that its onset usually occurs 3 to 6 weeks 
after birth. This, of course, is distinctly different from most 
other anomalies associated with esophageal atresia and TEF 
that are apparent in the neonatal period. 

The combination of delayed onset of symptoms and the 
tendency to attribute the vomiting to a postoperative compli- 
cation often obscures the real cause of the problem. Pyloric 
stenosis should be considered in the evaluation of vomiting 
in an infant who has had recent surgery for esophageal atresia 
and TEF. In addition to evaluating the esophageal anasta- 
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mosis and esophageal motility, the stomach, pylorus, and 
duodenum should be studied for pyloric sterosis. 
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Foci of MRI Signal (Pseudo 
Lesions) Anterior to the 
Frontal Horns: Histologic 
Correlations of a Normal Finding 





Review of all normal magnetic resonance (MR) scans performed over a 12-month 
period consistently revealed punctate areas of high signal intensity on T2-weighted 
images in the white matter just anterior and lateral to both frontal horns. Normal anatomic 
specimens were examined with attention to specific characteristics of this region. Three 
unique features typify the brain tissues that correspond to the foci of high signal. First, 
this region of the brain is notable for its loose network of axons with low myelin content. 
Second, pathologic scrutiny revealed an entity called “ependymitis granularis,” which 
represents patchy loss of the ependyma in the frontal horns with astrocytic gliosis. 
Third, flow of interstitial fluid within this region of the brain tends to converge at the 
dorsal-lateral angle of the frontal horns. All these factors contribute to increased water 
content locally, which results in foci of high signal intensity anterior to the frontal horns 
in all normal MR scans. 


The unprecedented sensitivity of MR to altered tissue content has allowed 
superior detection of disease processes, even when clinically silent, and has aiso 
permitted hitherto undetected visualization of existing anatomic structures. This 
investigation focuses on foci of relatively high signal intensity just anterior to the 
frontal horns of the lateral ventricles bilaterally. These foci of high signal intensity 
on T2-weighted spin-echo images initially suggested disease [1], but because we 
saw them routinely we were prompted to do an autopsy study to provide a 
histologic explanation for the finding. 


Materials and Methods 
Patient Selection 


The MR brain scans of all patients imaged at the University of California, San Francisco 
over a 1-year period were retrospectively reviewed, and 56 patients were selected for this 
study. All 56 patients had otherwise normal MR scans and were initially referred because of 
nonspecific, subjective symptoms. 

Table 1 lists the symptoms for which the 56 patients were originally studied. None of the 
patients had any underlying systemic disease process that might predispose them to central 
nervous system (CNS) disease. Specifically, all patients referred for evaluation of possible 
multiple sclerosis or other demyelinating disease were excluded, even when their MR 
examination proved to be normal [2]. Patients with connective tissue disorders [3], dementia 
[4, 5], or neurologic signs (as opposed to symptoms) were also excludec. 

CT scans usually were not done at our institution, but in all cases, the results of CTs 
performed elsewhere were either unremarkable or negative. The patients who were selected 
for our study ranged in age from 9 months to 82 years (Table 2). 


Imaging 


MRI was usually performed with a 0.35-T superconductive magnet and a 25-cm diameter 
head coil [6, 7, 8]. Multislice spin-echo acquisition was employed to obtain slices 7-mm thick. 
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TABLE 1: Indications for Performance of MR Scans 





Reason for MR Study bition 

Seizures 12 
Headache 11 
Normal controls 10 
Rule out primary intracranial tumor 8 
Rule out extraaxial tumor 6 
Dizziness or vertigo 6 
Subjective sensory symptoms (e.g. numb- 

ness, without definite signs or anatomic 

distribution) 6 
Rule out pituitary tumor 3 
Facial spasm 3 
Rule out metastases 2 
Developmental delay 1 
Dyslexia 1 


Note:—The total number of studies done (69) exceeds the actual number of patients 
(56) because some patients complained of more than one symptom (e.g., headache and 
dizziness). 


TABLE 2: Ages of the Patients Included in the Study 
EE SE EE 8 SE ES Se OT SEP — ee ee SS 


No. of 
Age (years) Patients 











0-10 6 
11-20 
21-30 
31-40 
41-50 
51-60 
61-70 
71-80 
81-90 


MODONDDOD~N 


A repetition time (TR) of 1.5 or 2 sec and echo-delay times of 28 and 
56 msec were used. In addition, in many patients acquisitions with a 
TR of 0.5 sec were performed. Only axial images were reviewed in 
this study. 

Later scans were also reviewed using a different MR imager with 
a 1.5-T superconductive magnet and a 24-cm diameter head coil. 
Multislice spin-echo acquisition was employed to obtain slices 1 cm 
thick. A repetition time of 2 sec, with echo-delay times of 40 and 80 
msec, routinely showed the same finding. 


Autopsy Review 


For histologic correlation, approximately 150 specimens that were 
considered normal by the neuropathology division were selected. 
These patients had shown no evidence of CNS disease and their 
brains had been scrutinized with particular attention to the region 
Surrounding the frontal horns. Retrospectively, 39 of these specimens 
were reexamined and new sections of the region in question were 
obtained. Selection of these patients was determined by age, with 
approximately 3 to 4 specimens chosen from each decade. Ages 
ranged from fetuses of 20 weeks gestation to adults 92 years old 
(Table 3). 

Three different stains were used in the study: Luxol Fast Blue- 
Periodic Acid Schiff (LFB-PAS), which stains myelin blue; Biel- 
schowsky, an axonal stain; and Glial Filament Protein (GFAP), which 
stains for astrocytes. 


AJR:147, August 1986 


TABLE 3: Breakdown of Autopsy Specimens According to Age 
of Patient and Cause(s) of Death 


LS 
No. of 


Age* Specimens Cause of Death 
20-30 weeks fetus 10 Therapeutic abortion 
0-1 yr 3 Sepsis, congenital heart dis- 


ease, epidermolysis bullosa 


1-10 3 Cystic fibrosis, congenital heart 

disease 

11-20 3 Leukemia, Congenital heart dis- 
ease 

21-30 2 Cystic fibrosis, cardiomyopathy 

31-40 3 Cardiomyopathy, carcinoma, 
Cardiac arrest 

41-50 3 Leukemia, upper gastrointes- 
tinal bleed, carcinoma 

51-60 3 Carcinoma, corenary artery dis- 
ease and renal failure 

61-70 3 Congestive heart failure, rup- 
tured aneurysm, respiratory 
failure 

71-80 4 Ruptured aneurysm, coronary 
artery disease, idiopathic 
thrombocytopenic purpura 

81-90 1 Arrhythmia 

91-100 1 Sepsis 

Total 39 


* Age in years, unless otherwise specified. 


Results 


The high-intensity signal foci just anterior and lateral to the 
frontal horns were found in all 56 of the selected “normal” MR 
scans. The foci ranged in size from punctate up to a centi- 
meter in width (Fig. 1). They were of a uniform triangular 
shape, with the base resting directly on the tips of the frontal 
horns and with the apex pointing anteriorly into the adjacent 
white matter. The medial aspect of the triangle was defined 
by the genu of the corpus callosum, while the lateral border 
extended along the white matter terminating posteriorly at 
the head of the caudate in the most prominent cases. No size 
correlation with age or symptomatology was present (Fig. 2). 

Histologically, the specimens exhibited three obvious find- 
ings in the region of interest: (1) decreased myelin content 
when compared with adjacent major white-matter tracts; (2) 
ependymitis granularis in the frontal horns, a condition char- 
acterized by focal breakdown of the ependymal lining and 
astrocytic gliosis; and (3) evidence of increased periependy- 
mal and extracellular fluid. 

The region of the white matter just anterior to the frontal 
horns corresponding to the MR findings discussed above was 
unique for its relatively low myelin content. This finding was 
demonstrated by the decreased intensity of the blue myelin 
Stain locally (Fig. 3). Two specific factors appeared to contrib- 
ute to this finding. The first was the loose packing arrange- 
ment of the axons. In almost all white-matter tracts, the axons 
were ordered and tightly packed, usually in bundles (Fig. 4B). 
In contrast, in the area in question, the axons appeared to be 
“randomly” distributed (Fig. 4D). This loose distribution pro- 
duced a visibly greater space between the myelinated axons. 
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Fig. 1—50-year-old woman w th hearing loss, referred to rule out acoustic 
neurinoma. TR = 2.0 sec, TE = 40 msec. Spin-echo images clearly demonstrate 
high-intensity foci just anterior to angle of frontal horns bilaterally. 


The second factor was the distinctly smaller size of the axons 
in this region. Unlike other white-matter regions, the axons in 
this area were more delicate and tenuous (compare Figs. 4B 
and 4D). A basic tenet of neurobiology states that the amount 
of myelin surrounding an axon is directly related to the size 
of the axon. Therefore, relatively little myelin surrounded the 
axons in the region described. In summary, both the smaller 
size of the myelinated axons, as well as the greater space 
between them, produced an obvious decrease in myelin per 
given volume of tissue compared with more typical regions of 
normal white matter. 

We also noted in all the specimens a condition known as 
ependymitis granularis, which consists of breakdown of the 
ependymal lining and is distinguished from artifacts of staining 
or slide preparation by the underlying astrocytic gliosis [9]. 
The most severe involvement by ependymitis granularis in our 
“normal” autopsy specimens was found in the region just at 
the corner of the frontal horn, with observed breakdown of 
the ependyma extending for a short distance along the medial 
aspect of the frontal horn adjacent to the corpus callosum 
(Fig. 4A). Along the caudate, the ependymal lining was usually 
well preserved. This observation is supported by previous 
pathologic reports [10, 11]. 

Ependymitis granularis was found in all specimens and in 
all age groups. Furthermore, the degree of its severity did not 
correlate with age. Of note, the only specimens examined 
that did not demonstrate any evidence of ependymitis gran- 
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Fig. 2.—1¥2-year-old female with seizures. TR = 2.0 sec, TE = 40 msec. 
Even at this age, high-intensity foci are clearly visible. 


ularis were fetuses of 20 weeks gestation. The appearance 
of the defects in the ependymal lining correlated with the time 
at which the subependymal germinal matrix disappears. 

Finally, increased amounts of periependymal and extracel- 
lular fluid were visualized at the dorsolateral angle of the 
lateral ventricles as bubblelike areas separating the axons 
(compare Figs. 4C and 4E). The absence of astrocytic proc- 
esses indicated that these represented foci of dilatec extra- 
cellular space. The greatest concentration of extracellular fluid 
was noted immediately adjacent to the ventricles, decreasing 
as one moved deeper into the brain substance. The distribu- 
tion of this periventricular extracellular fluid coincided with 
subjacent regions of ependymal breakdown and with the 
increased space between the loosely arranged myelinated 
bundles described above. No evidence of this phenomenon 
was seen in a perivenular distribution, despite the fact that 
this region is also notable for a rich venous plexus. 


Discussion 


Areas of high signal intensity within normal surrounding 
brain tissue on T2-weighted images of spin-echo acquisitions 
generally indicate disease. However, in the region of the brain 
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Fig. 3.—Axial brain section stained for myelin. Myelin-containing white- 
matter tracts are dark while gray matter is light. Note decreased myelin content 
(reflected by lighter shade of gray) at angle of left lateral ventricle (arrows). 
Extent of region is defined laterally and medially by white-matter tracts and 
posteriorly by head of caudate. These boundaries correlate well with MR 
appearance. (cc = corpus callosum, lv = frontal horn of lateral ventricle, hc = 
head of caudate) Luxol Fast Blue PAS stain, <5. 


discussed here, histologic evidence that explains the in- 
creased intensity has been found. An elevated water content 
can be demonstrated and most likely explains the finding on 
MRI. Multiple factors combine to raise the hydration in this 
area of the white matter. Myelin is hydrophobic and is com- 
posed of only 40% water, with the remaining fraction taken 
up by lipid (45%) and protein (15%). This fact accounts for 
the relatively smaller water concentration in white matter 
(70%-75%) as compared with gray matter (83%) [12]. The 
presence of relatively small axonal bundles with greater space 
between them endows the locus of white matter just anterior 
to the frontal horns with a relatively lower content of the 
hydrophobic myelin and allows more hydration. 

Another cause of increased extracellular fluid in this region, 
especiaily in the periependymal area, may well be ependymitis 
granularis. Observations of certain pathologic states provide 
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Fig. 4.—A, Higher magnification of angle of frontal harn of lateral ventricle. 
Regions of ependymitis granularis can be identified by focal loss of ependymal 
lining (arrowheads). Note intact ependymal remnants De-ween areas of denu- 
dation (lv = frontal horn of the lateral ventricle, cc = corpus callosum). 
Bielschowsky stain for axons, X16. B, Axons of corpus callosum are more 
tightly packed and larger in this typical white-matter trac than axons in region 
just enterior to frontal horns. This appearance is essertially identical to that 
seen in other white-matter tracts e.g., the corona radiate and internal capsule, 
whick were also examined. Bielschowsky stain for axcns, x500. C, Myelin 
stain of corpus callosum confirms increased myelin content and relative lack of 
extracellular space compared with region just anterior te frontal horns. Luxol 
Fast Blue PAS, x500. Again, this appearance is typical of all white-matter 
tracts studied. D, Axonal stain from region anterior to frontal horns reveals 
axons that are both tenuous and loosely packed. Bielschcwsky stain for axons, 
x500. E, Myelin stain of same region as D confirms increased extracellular 
space, seen as unstained regions separating darkly staning myelin strands. 
Luxol Fast Blue PAS, x500. 


insicht into the mechanism of this MR finding. In hydroceph- 
alus, as the ventricular surface expands, the ependymal cells 
become flattened and stretched, followed by ‘rank denudation 
[9, 11]. This process facilitates entry of cerebrospinal fluid 
into the tissue, since the ependymal cells are no onger 
present to regulate fluid exchange between tne ventricles and 
the brain substance [13, 14, 15]. Although this breakdown of 
the 2pendymal lining in hydrocephalus or inflammation also 
leads to ependymitis granularis, it differs from the disruption 
that was seen in the normal specimens described here both 
in its much greater extent and in its obvious pathologic origin. 
Previous pathology literature has also described localized 
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ependymitis granularis in normal autopsy specimens (10, 16, 
17]. One can speculate that such ependymal breakdown at 
the tips of the frontal horns may augment the accumulation 
of extracellular fluid in this specific region, just as it does on 
a global basis in hydrocephalus. Some pathologists have 
observed that localized breakdown of the ependyma is almost 
universal, even by late fetal life. Dooling et al. [10] demon- 
strated focal ependymal loss in the same region of the frontal 
horns in 85% of fetuses more than 35 weeks old. They also 
mentioned similar findings near the occipital horn angle. High- 
intensity foci on MR images are occasionally seen in the 
occipital horn, even in young patients, although accurate 
assessment of this area is slightly more difficult owing to the 
high intensity of the adjacent choroid plexus and the variable 
size and posterior extension of the occipital horn. Disruption 
of the ependyma has not been described in normal specimens 
in the third or fourth ventricles [17]. 

The etiology of localized ependymitis granularis is unclear. 
This phenomenon, repeatedly noted and consistent in both 
location and extent, may result from the normal process of 
development and may be secondary to the molding necessi- 
tated by the increasing size and complexity of the growing 
brain. In addition, pulsatile hydrostatic forces of the cerebro- 
spinal fluid may also play a role [10]. Interestingly, the local- 
ized ependymitis granularis occurs in the cerebral regions that 
contain the last vestiges of the subependymal germinal ma- 
trix. In our specimens, the time of appearance of the break- 
down of the ependyma coincided with the disappearance of 
these primitive neuroepithelial cells. The significance of this 
temporal relationship is unknown. 

Finally, previously reported studies of cerebrospinal fluid 
dynamics and formation provide another explanation for the 
increased local collections of periependymal fluid that we 
visualized. Investigations of fluid pathways indicate that inter- 
stitial fluid in the brain substance follows preferential drainage 
routes to the subependymal region, especially to the dorso- 
lateral angle of the lateral ventricle [18, 19]. Cserr et al. found 
that labeled anionic horseradish peroxidase injected into the 
caudate nucleus of rats had a propensity to flow to the region 
of the brain just anterior to the frontal horns. Thus it appears 
that this region serves as a natural funnel for extracellular 
fluid produced in the brain interstitium, an organ devoid of 
deep hemispheric lymphatics. The extent and significance of 
these fluid pathways is considerable, because interstitial flow 
of fluid from the brain into the ventricles is thought to be a 
primary source of extrachoroidal cerebrospinal fluid formation, 
which has been estimated to constitute from 30% to 70% of 
total cerebrospinal fluid production [20, 21]. 

In addition, data exist that the ependymal lining functions 
not only as a barrier to the entry of cerebrospinal fluid into 
the brain substance but may also actively transport interstitial 
fluid out of the brain and into the ventricles [21]. When 
disruption of the ependyma occurs, one may speculate that 
the natural fluid drainage to the angle of the frontal horn may 
no longer be taken up and elaborated into cerebrospinal fluid 
and thus accumulates in these regions. 

In summary, the combination of the decreased myelin con- 
tent, the localized ependymitis granularis, and the natural fluid 
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drainage pathways of the brain increases the water content 
focally in the region of the brain just anterior to the frontal 
horns. The increased water content, in turn, leads to length- 
ening of T1 and T2 and produces the appearance of foci of 
high intensity on T2-weighted spin-echo images [22]. 

Radiologically, the foci of high signal intensity described 
here are significant in that they can be confused with several 
pathologic processes, especially multiple sclerosis or other 
demyelinating disorders, subcortical arteriosclerotic enceph- 
alopathy, hydrocephalus, and changes of radiation therapy. 

Multiple sclerosis (MS) is the most important pathologic 
entity to consider in the differential diagnosis because of its 
predilection for the lateral-ventricular angles. Subependymal 
periventricular demyelination is classic in MS, especially con- 
tiguous to the frontal and occipital horns, and is seen in 
approximately 90% of cases [23]. Because MS plaques are 
invariably perivenular, the richness of the venous plexus in 
the location we studied may help explain why MS so often 
affects this same region. Another hallmark of MS is the relative 
symmetry of bilateral distribution. 

For the above reasons, early differentiation of MS from the 
normal finding described here may be difficult, especially since 
initial plaques are often microscopic in size. However, certain 
differences will appear, especially as the disease progresses. 
Even if the plaques are confined to the periventricular region 
near the frontal horn, they do not respect the boundaries of 
the high-intensity foci described earlier (Fig. 5A). As the 
plaques coalesce, extension into surrounding structures—for 
example, the corpus callosum or other adjacent white-matter 
tracts—is the rule rather than the exception [24]. Further- 
more, distinct lesions may often extend along the entire lateral 
aspects of the lateral ventricles in a classic “lumpy-bumpy” 
pattern [2]. 

Pathologically, MS differs strikingly from the normal histo- 
logic appearances anterior to the frontal horn, despite possi- 
ble similarities of MR appearance. In MS, one sees a remark- 
able punched-out, ragged appearance of demyelination, in 
contrast to the normal findings of decreased myelin content 
that we described (Fig. 5C). Furthermore, in MS the spaces 
between demyelinated axons become entirely filled with 
densely packed astrocytic processes. 

Subcortical arteriosclerotic encephalopathy is another im- 
portant entity to differentiate from the normal foci of high 
intensity. As in multiple sclerosis, subcortical arteriosclerotic 
encephalopathy is characterized by multiple patchy periven- 
tricular lesions [4, 25-27] (Fig. 6). Although these lesions are 
periventricular, many are often not immediately adjacent to 
the ependymal surface. In contrast, the high-intensity foci that 
we have described are triangular-shaped structures that rest 
directly on the tips of the frontal horns, both radiographically 
and pathologically. Furthermore, changes of subcortical ar- 
teriosclerotic encephalopathy are often associated with cor- 
tical atrophy, ventricular dilatation, and lacunar infarcts in the 
basal ganglia [26, 28]. Finally, these lesions may vary mark- 
edly in size and distribution. 

Pathologically, subcortical arteriosclerotic encephalopathy 
differs from our findings in normal autopsy specimens. Elderly 
patients with periventricular white-matter disease noted on 
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A B 


Fig. 5.—A and B, 43-year-old woman with a 21-year history of classic 
multiple sclerosis. TR = 2.0 sec, TE = 40, 80 msec. Typical extension of high- 
intensity lesions into adjacent white matter beyond the confines of high-intensity 
foci of normal scans. C, Myelin stain of multiple sclerosis plaques, delineated 


Fig. 6.—A and B, 76-year-old woman 
with memory loss and confusion. TR = 
2.0 sec, TE = 40, 80 msec. MR scan is 
consistent with subcortical arterioscle- 
rotic encephalopathy. Again, extension of 
high-intensity foci beyond normal bound- 
aries is visualized, as well as multiple 
other foci near occipital horns and in deep 
white matter. 


A 


CT scans have been found to have severe arteriosclerotic 
changes in the deep perforating arteries to the white matter, 
which forms a watershed zone between the deep medullary 
and superficial cortical circulations [5, 29]. Thus these patients 
are prone to repeated small infarcts, and it is likely that this 
is the pathologic basis for the regions of high signal intensity 
seen on MR scans in these patients, although direct patho- 
logic confirmation is still lacking. 

In conclusion, foci of high signal intensity at the frontal 
horns are normal findings in all T2-weighted spin-echo mag- 
netic resonance scans, and a histologic basis for them can 
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C 


by arrows. Increased water content of multiple sclerosis plaque is caused in 
part by striking, well-defined total demyelination, as seen in this typica plaque. 
In contrast, axons beyond frontal horn tip are not demyeanated (see 4E). 





be demonstrated. These foci do not constitute pathology in 
and of themselves, even though superficially :hey may resem- 
ble common pathologic states, such as multiple sclerosis, 
subcortical arteriosclerotic encephalopathy, hydrocephalus, 
and changes of radiation therapy. 
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Stafne’s Oral Radiographic Diagnosis, 5th ed. Edited by Joseph A. Gibilisco and Eastwood G. Turlington. 


Philadelphia: Saunders, 560 pp., 1985. $37.95 


This text is intended for dental students and as a reference book 
for dental practitioners. There is a review of normal landmarks and 
chapters devoted to common and relatively rare conditions of interest 
to dentists. One of the strengths of the book is the use of radiographs 
from the extensive collections at the Mayo Clinic, illustrating condi- 
tions that would be difficult to find at other institutions. The book is 
organized by structure or type of pathosis. Chapter titles include 
“Dental Caries” and “The Maxillary Sinus.” This organization is com- 
pact and sensible, but does not facilitate deciding among alternatives 
in a differential diagnosis. The book also includes sections on radi- 
ographic technique, film handling, radiation safety, and radiation 
physics. 

In the Preface, Dr. Gibilisco acknowledges the contributions to this 
revision made by Dr. Stafne before his death and states that the 
authors have tried to continue to provide “a single volume on oral 
radiology that emphasizes diagnosis.” This fifth edition will be a 
valuable addition to the library of any dental teacher or practitioner 
as a diagnostic reference. On the other hand, it is a book in a state 
of transition and does not provide enough information in some areas 
to qualify as a “single” source of information. 

The book contains a remarkable collection of radiographs and case 
histories. Some have been published in the periodical literature, but 
it is useful to have the material in one place. Many of the radiographs 
will be familiar to those who have previous editions, but there are 
significant additions. As an example, the chapter on infections in- 
cludes new material on tuberculosis and actinomycosis, with appro- 
priate illustrations and references. 

Compared with the previous edition, the quality of the reproduced 
radiographs has been improved and is generally excellent. There has 


been careful attention to placement of figures within the text so that 
the clarity of presentation is better than in previous editions. The 
authors wisely avoid identifying which side of the patient is shown in 
radiographs whenever possible. In several cases, series of films have 
been reversed from the previous edition in order to place structures 
from the patient's left on the viewer's right, as is common in dental 
practice. 

The book has been improved by changing the type styles for major 
heacings and illustration captions and by using a slightly more com- 
pact typeface for text. These changes yield a noticeable increase in 
the number of words on each page. The number of pages has been 
increased by about 50, which indicates a substantial expansion of 
information. 

The sections on radiographic technique remain relatively weak 
when compared with other texts. This will not matter to those who 
wish to use the book as a diagnostic reference, and the sections on 
extraoral techniques are valuable. The patient photographs showing 
film placement have been replaced. The paralleling technique illus- 
trated remains unusual, with the anterior films done on standard size, 
rather than narrow film. The bisecting angle technique is described in 
detail, but rarely recommended by anyone else. 

Finally, the chapters on periodontal disease, the temporomandib- 
ular joint, and nonodontogenic tumors of the jaws have been revised 
extensively. These sections seem well done and indicate that the 
next edition may be a significant improvement over the present one. 


Dan Middaugh 
University of Washington 
Seattle, WA 98195 


Guide to Prosthetic Cardiac Valves. Edited by Dryden Morse, Robert M. Steiner, and Javier Fernandez. New 


York: Springer-Verlag, 362 pp., 1985. $89.50 


This book, which is an outgrowth of the previously published The 
Pacemaker and Valve Identification Guide, has been split into two 
volumes for the second edition. The material, the work of 16 authors, 
is divided into 10 copiously illustrated chapters that have over 700 
references. All aspects of prosthetic valve surgery, including histori- 
cal, clinical, and biomechanical, are covered. 

For the most part this text will be relevant to cardiac surgeons. 
Since only two chapters are of primary interest to radiologists, “The 


Radiology of Prosthetic Heart Valves” and “Ultrasonography of Car- 

diac Valve,” they will find the material outside the scope of their 

practice. Therefore, the book cannot be recommended to the general 
radiology community. 

Andrew B. Crummy 

University of Wisconsin 

Clinical Science Center 

Madison, WI 53792 
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MRI in Infants and Children 
with Spinal Dysraphism 





Magnetic resonance imaging (MRI) of the spine was used in 37 infants and children 
to assess the potential of this new technology to evaluate suspected lumbosacral 
dysraphic myelodysplasia. Eighteen of these patients had correlative metrizamide 
myelotomography and metrizamide computed tomography (CT). MRI using a spin-echo 
pulse sequence with short repetition times (TR) and echo delay times (TE) affords 
optimal delineation of normal and abnormal spinal cord morphology in the lumbosacral 
region. Coronal projections usually provide an adequate demonstration of the normal 
conus medullaris for screening purposes; however, multiplanar acquisitions are neces- 
sary for more complete delineation of the dysraphic myelopathy. The sensitivity of MRI 
compares favorably with metrizamide tomography and CT, although these procedures 
provide somewhat better specificity. These results suggest that MRI is a reliable, 
noninvasive procedure to screen patients for lumbosacral dysraphism. 


There is a need for accurate and noninvasive evaluation of the spine in children 
suspected to have dysraphic myelodysplasia. While plain-film radiography and 
sonography are helpful, metrizamide myelography, or myelotomography (MT), and 
metrizamide computed tomography (MCT) are required for definitive diagnoses 
[1]. However, these procedures are invasive. New techniques for imaging the spine 
in children that reduce this risk include new generation CT [2], high-resolution 
sonography [3, 4], and digital myelography [5]. 

Since magnetic resonance imaging (MRI) does not involve ionizing raciation, has 
no known biological risk, and avoids the intrathecal injection of contrast media, it 
offers several advantages in the evaluation of children with suspected spinal 
dysraphism [6-9]. We report here our preliminary experience with MRI for this 


purpose. 


Subjects and Methods 


in the 16 months between October 1983 and March 1985, 37 patients (21 males and 16 
females) between the ages of 8 days and 20 years had MRI of the spine. Twenty-nine of 
these were suspected of having lumbosacral dysraphic myelodysplasia (Table 1). The MRI 
findings were correlated with MT and MCT results in 18 patients. Eight normal patients who 
were studied by MRI served as controls. 

The examinations were performed with a Picker MRI machine operating at 0.27 T (11.2 
MHz) for the first 31 patients and at 0.5 T (21.3 MHz) for the last six. A spin-echo (SE) pulse 
sequence was used with repetition times (TR) of 500, 1000, and 2000 msec, and echo-delay 
times (TE) of 40, 60, 80, and 120 msec. At the 0.27-T field strength, 1-cm single-slice and/or 
contiguous 1-cm multislice acquisitions were performed. WIth the 0.5-T field strength, single 
averaging was used. 

A single slice in the axial plane at the T12 level was initially obtained for localization and 
positioning (Fig. 1). One to four coronal images were then followed by four sacittal images 
with interval offset readjustments when necessary for repeat acquisition to provide complete 
spinal cord delineation. Additional axial slices were obtained depending on the clinical 
indication for the examination and/or the findings from the preceding acquisitions. The decision 


340 BARNES ET AL. 





A B 


Fig. 1.—3-year-old girl, normal control. Transverse (A), coronal (B), and 
sagittal (C) SE 1000/40 images show higher-intensity normal spinal cord and 
conus medullaris (arrows) contrasted against adjacent, averaged lower-inten- 


TABLE 1: Clinical and Radiographic Findings with Suspected 
Dysraphic Myelodysplasia 
SSS Se Se ae ee ee fe 


No. of Patients 


Findings (n = 29) 











Clinical: 
Imperforate anus complex 19 
Bladder/bowel dysfunction 14 
Cutaneous stigmata........... 12 

LATO ICTORITLY, se. ois ig. ay os a a bee BH ad ws 8 

8 
8 
2 
3 
1 


COMGOM IAL SCONOSIS! ns. i oa a sc bsg aca near dare eae os 
Vater syndrome......... 
Klippel-Feilsyndrome.......... 
Postrepair myelomeningocele |. . 
Neurofibromatosis ._ . 
Radiographic: 
Sacral dysgenesis ............ 9 
Lumbosacral dysraphism ................... 13 
Gongenital SCOSS s oca pclae. enea h eons 8 
2 
4 
9 


Craniocervical anomaly .......... 

Spina bifida occulta ... 22. 

Normal plain film 
a a a u O SE 


to use either the single-slice or multislice technique was guided by 
the patient's size and the type of spinal curvature as revealed by 
plain radiographs. 

The lower thoracic and lumbosacral spine was examined in all 
patients. Eight patients also had upper thoracic and craniocervical 
studies. Correlative MT was performed by using the Philips U3 
Polytome, and MCT was performed with either the Varian V-360-3, 
the Philips Tomoscan 350, or the General Electric CTT 9800. 

When necessary, patients were sedated, with chloral hydrate orally 
for infants less than 2 years old and with intramuscular meperidine 
and phenergan for children less than 6 years old. When needed, a 
body wrap was used to immobilize children less than 4 years old. 
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sity extraneural structures. “Pseudoexpansion” of conus (C) is related tc volume 
averaging. 


TFe children were studied in the supine or lateral decubitus posi- 
tion, and either a 25-cm or 50-cm RF body coil was used. Visual and 
cardiac monitoring were employed, and a pneumatic hand alarm was 
available. Parents attended their children during the examinations, 
which ranged from 30 to 105 min in duration. 


Results 


Normal Anatomy 


A normal MRI study was defined as one demonstrating a 
normal conus medullaris located above the intervertebral 
space between the second and third lumbar vertebrae [2]. 
The spinal cord in the lower thoracic and lumbar region is 
best demonstrated by using a short TR (500-1000 msec) and 
short TE (40 msec) pulse sequence providing a T1-weighted 
image. 

The spinal cord appears as an intermediate- to high-inten- 
sity tubular structure that tapers caudally into the conus 
medullaris at the level of the upper lumbar vertebrae (Figs. 1 
and 2). The spinal cord is distinct from the lower-intensity 
cerebrospinal fluid (CSF), dura mater, longitudinal ligaments, 
cortical margins of the vertebral bodies and neural arches, 
and annulus fibrosus of the intervertebral disks. These struc- 
tures, in turn, are sharply contrasted against the relatively 
high signal intensity of the epidural fat, the bone marrow of 
the adjacent skeleton, and the nucleus pulposus of the inter- 
vertebral disks. SE pulse sequences with longer TR (1500- 
2000 msec) and longer TE (60-120 msec), which are primarily 
proton density and T2-weighted, create images in which the 
spinal cord is obscured by the high signal of the CSF. 
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Fig. 2.—6-year-old boy, normal control. Coronal 
SE 1000/40 images, anterior to posterior. A, Ante- 
rior section through vertebral bedies (/ong arrow) 
and disk spaces (short arrow). B, Through anterior 
dural sac (arrows). C, Through posterior dural sac, 
spinal cord. and conus medullaris (arrow). D, Pos- 
terior section through neural arches, epidural fat 
(arrow), and epidural fat between ligamentum fla- 
vum (arrowhead). 


Of the studies in 29 patients and 8 normal controls, 29 
were judged to be of good-to-excellent quality, and eight 
studies were of fair-to-poor quality. Four of these were non- 
diagnostic. Four of the poor-quality studies resulted from 
inability to immobilize the patient properly despite sedation, 
and four nondiagnostic examinations were related to patient 
noncompliance. 

The ability to determine the position of the conus medullaris 
was judged to be adequate on either the coronal or sagittal 
sections in 24 of 27 patients. The conus was best seen on 
the coronal sections in 20 of 24 patients (Fig. 2), even though 
exaggerated spinal curvatures made optimum delineation dif- 
ficult in 11 patients (Fig. 3). Volume averaging of the conus 
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with the proximal cauda equina occasionally produced a false 
appearance of an expanded conus on sagittal sections (Fig. 
1). Adequate visualization of the conus was also particularly 
difficult when it was posteriorly placed and/or flattened in the 
sagittal plane, and when there was an accentuated lumbar 
lordosis or thoracic kyphosis. In these situations, volume 
averaging of the conus medullaris and cauda equina nerve 
roots on images in the sagittal plane occasionally produced 
the false impression of an abnormally low-placed conus (Fig. 
4), particularly with longer TR and TE sequences. Also, res- 
piratory and bowel-motion artifacts in the direction of the 
phase-encoding gradient often obscured anatomic detail in 
the sagittal planes. 
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Myelodysplasia Findings 


The results for 18 patients who were evaluated for sus- 
pected myelodysplasia with correlative MT and MCT are listed 
in Table 2. These include 10 patients with abnormalities of 
the lower neuraxis, two with upper neuraxis lesions, and six 
with normal results. Of the patients without correlative imag- 
ing to date, the MRI was considered “probably” normal in 
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Fig. 3.— 15-year-old girl. SE 1000/40 sagittal (A) 
and coronal (B) images show exaggeratec lumbar 
lordosis effect on delineation of normal conus med- 
ullaris (arrows). 


Fig. 4.— 14-year-old boy with normal nyeloto- 
mogram and metrizamide CT scan. SE 2000/40 
Sagittal images show volume averaging of normal 
conus and Cauda equina giving false impression of 
tethered cord (arrows). 


seven and nondiagnostic in four, as above mentioned 

In all 18 patients, MRI reliably distinguished normal from 
abnormal spinal cord morphology. Again, normal conus posi- 
tion and morphology were best demonstrated on coronal 
sections (eight patients). In the 10 patients with lower neuraxis 
myelodysplasia, the abnormally low conus was better deline- 
ated on sagittal sections (8 of 10), primarily because of the 
lordotic lumbosacral curvature effect on coronal plane sec- 
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Fig. 5.—5-year-old boy with ipomeningocele. Sagittal SE 1000/40 (A) and coronal SE 2000/40 (B and C) images. Low-placed spina! cord (open arrow) with 
caudal, high-intensity expansion {solid arrows) shown to better advantage on sagittal section. 


TABLE 2: Pathologic Findings with Correlative MRI, MT, and CT 





Findings No. of Patients 








(n = 18) 
Dysplastic conus medullaris ................... 2 
Tethered conus with lipomas .................. 2 
LIDOMICRINGOCEIG.. -o oenina e pews AL EER a a 2: 
DOSPEVA -oi inean as d pa anaa iA 
LGiOMIWWRIOGVSIOCENS e a u aaa Ve ee a a (a 
Postrepair myelomeningocele tethered cord........ e 
Cervical diplomyelia with normal conus ........... 1 
Cervical syringohydromyelia with normal conus ..... ii 
Normal conus medullaris ..................... 6 





* Surgica! pathology correlation. 


tions (Fig. 5). Coronal, sagittal, and often transverse sections 
were necessary for more complete characterization of the 
abnormalities, including such associated lesions as develop- 
mental masses (Fig. 6), saccular or cystic components (Fig. 
7), and cGiastematomyelia (Fig. 8). 

Even though MRI demonstrated the myelodysplastic ab- 
normalities with a sensitivity equal to that of MT and MCT, 
the latter combination was superior in all cases for spatial 
delineation of cord and nerve root morphology as well as 
demarcation of associated component anomalies, including 
identification of fatty lesions and bony defects (Fig. 6). How- 
ever, in all patients, MT and MCT required intrathecal injec- 
tions and heavy sedation in addition to the attendant radiation 
dose associated with polytomographic and high-resolution 
CT techniques. 


Discussion 


The application of MRI for evaluation of spine disease, and 
particularly spinal dysraphism, in children has received en- 
couraging, though limited, attention in the imaging literature 
[8, 9]. Our study addresses proton imaging of the normal and 
abnormal lumbosacral neuraxis in patients with suspected 
dysraphic myelodysplasia, an important cause of neurologic 
disability in childhood [10]. 

High-resolution sonography has proved useful for screen- 
ing, but it is presently restricted to infants or olcer patients 
with spinal defects that provide a bony window [3, 4]. Sub- 
traction digital myelography has been used successfully for 
metrizamide examination, but its application has been limited 
to the lower neuraxis of infants and young children because 
of contrast medium dilution and motion difficulties [5]. Until 
now, metrizamide myelography and CT have been the most 
reliable combination of techniques for definitive presurgical 
evaluation. These procedures are currently superior to all 
other techniques, including MRI, for the demonstration of the 
cauda equina and filum terminale; the location of placode, fat, 
and nerve roots; and the indication of the presence of os- 
seous, cartilaginous, or fibrous bands dividing the cura in 
diastematomyelia. 

MRI, which is noninvasive and has superb contrast reso- 
lution, may be an excellent screening technique for lumbo- 
sacral dysraphism, as suggested by the findings in this limited 
series. With further application, experience, and technological 
development, MRI may become a cost-effective method for 
complete pretherapy evaluation and follow up. 

Short TR/TE pulse sequences with coronal multislice ac- 








Fig. 6.—2-year-old boy; tethered cord with lipo- 
mas. SE 1000/40 coronal (A) amd sagittal (B) slices. 
Low-placed cord (open arrows) and caudal, high- 
intensity mass (solid arrows). Frontal myelotomo- 
gram (C) provides clearer cemarcation of the 
lipomas (arrows), while axial D) and sagittal (E) 
reformatted metrizamide CT provides more specific 
fat-density characterization (arrow). 


Fig. 7.—9-year-old boy postmyelomeningocele 
repair; tethered cord. SE 1000°40 coronal (A) and 
Sagittal (B) slices showing low-placed, thinned cord 
and conus placode within the caudal sac (arrow). 
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quisition provide the most efficient way to obtain optimal 
demonstration of conus morphology. Sagittal imaging may 
also be required in the presence of spinal curvatures. Multi- 
planar imaging that uses these pulse sequences affords more 
complete characterization of the myelopathy in patients with 
dysraphic myelodysplasia. 

The T1-weighted technique provides good anatomic delin- 
eation because the high-intensity neural structures are well 
seen adjacent to the low-intensity extraneural tissues, al- 
though nerve roots and the filum terminale have not been 
reliably or consistently demarcated. On T2-weighted images, 
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Fig. 8.—18-month-old girl; diastematomyelia. SE 1000/40 transverse (A), coronal (B and C), and 
sagittal (D) images show intermedullary defect (short arrows), hemicords (short arrowheads), low conus 
(long arrow), and focal signal dropout of cortical bony septum (/ong arrowhead). 


= 





the high signal intensity of the cerebrospinal fluid tends to 
obscure the neural tissues. However, these images assist in 
the delineation of extradural bony and soft-tissue compo- 
nents. 

Increasing the field strength from 0.27 T to 0.5 T allows a 
significant reduction in the imaging time while improving image 
quality. However, the 1-cm slice thickness remains a major 
limiting factor in the spatial resolution of neural landmarks 
because of volume averaging. Technical improvements to 
allow thin-slice, high-resolution capabilities [11] (Fig. 9) will 
help to separate medium- to high-intensity neural structures 
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Fig. 9.—9-year-old girl; normal lumbosacral sagittal (A) and coronal (B and 
C) MRI at 1.5 T using 13.75-cm surface coil and partial saturation 400/25, 256 
x 256 matrix, 32-cm FOV, and 3-mm slice thickness demonstrating conus (*) 


from high-intensity nonneural component abnormalities (i.e., 
lipomatous lesions) and also to demonstrate cord thinning 
related to myelomalacia or collapsed hydromyelia. 

Several factors are particularly important in MRI of the 
spine in children. Careful positioning and localization are 
critical to Overcome spinal curvature difficulties. Plain radi- 
ographs and preliminary transverse single slices have been 
helpful, but occasionally coronal or sagittal preacquisition 
single slices are needed to correct or avoid off-axis imaging. 
Careful application of an abdominal compression band has 
Significantly reduced respiratory and bowel-motion artifacts, 
particularly in infants. Patient compliance is mandatory, and 
in general there has been good acceptance of the MRI pro- 
cedure by both parents and children, particularly when there 
is good preparation and an informed understanding of the 
procedure as compared with more invasive alternatives. With 
increased experience, fewer children have required sedation, 
particularly when examined after feedings and when accom- 
panied by the parent. 

At present, our Suggested approach for evaluating clinically 
suspected lumbosacral dysraphism after reviewing plain spine 
films includes high-resolution sonography (accessible win- 
dow) and/or MRI for screening normal conus morphology and 
level. MT and MCT are then recommended for those cases 
in which MRI is equivocal or incomplete. 
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separated from cauda equina with definition of nerve roots (arrow) (C) and 
axillary sleeves (B). Courtesy PDB, ODI Inc., Oklahoma City, OK, and GE 
Medical Systems, Milwaukee, WI. 
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Microbubbles as a Contrast 
Agent for Neurosonography 
and Ultrasound-Guided 
Catheter Manipulation: In Vitro 
Studies 





Tissue-equivalent ultrasound phantoms, including models of the ventricular system 
and cyst phantoms, may be useful for developing expertise in both biopsy procedures 
and shunt catheter placement that use ultrasound guidance. These phantoms have been 
constructed (1) to assess the ability to position biopsy needles and manipulate shunt 
catheters with conventional angiographic guidewires and (2) to evaluate the usefulness 
of microbubbles as an ultrasound contrast agent. Optimal catheter ard needle position 
and catheter patency are demonstrated with microbubbles generated by hand injection 
of small volumes of saline, a safe ultrasound contrast agent that, to our knowledge, has 
not been previously exploited in neurosonography. Microbubbles can define biopsy 
needle location without direct imaging of the biopsy needle; they can also define the 
extent of communication or separation of fluid-filled or loculated spaces. 


Interest in intraoperative transdural or transfontanelle ultrasound-guided biopsy 
and shunt placement has burgeoned over the past several years. The advantages 
of ultrasound include the definition of deep lesions without requiring either surface 
angiographic landmarks or a stereotactic frame and the characterization of the 
cystic and solid architecture of a lesion. Ultrasound appears to be a valuable tool 
that can minimize tissue loss during surgical resection, define the extent of resection 
of a lesion, and image possible intraoperative complications such as hemorrhage 
[1-3]. Ultrasound-guided ventricular shunt placement minimizes the morbidity 
associated with misplacement of the shunt and can diminish trauma to the choroid 
plexus and other intraventricular vascular structures. Preliminary reports indicate 
that shunt longevity is prolonged with optimal shunt placement by ultrasound 
guidance as compared with standard surgical placement without ultrasound control 
[4]. 

In the setting of an open anterior fontanelle or available dural surface, the brain 
provides a unique opportunity to exploit sonographic contrast material and inter- 
ventional techniques that have been used in other organ systems. Because of the 
relatively uniform sonographic features of the brain, microbubbles that are strongly 
echogenic are readily visualized when they are generated in the ventricular system 
or in cystic lesions, and echogenic catheters and wires can be differentiated from 
normal anatomic structures. Echogenic microbubbles were evauated in vitro to 
investigate the feasibility of manipulating ventricular shunt catheters with standard 
angiographic guidewires and of defining catheter location and patency with an 
ultrasound contrast agent. 


Methods 


Images were obtained with an ATL (Advanced Technology Labs) Mark Ill real-time 
mechanical sector scanner with 3- and 5-MHz transducers. An ATL biopsy transducer was 
used. The imaging was recorded on videotape. Additional images were obtained w th a matrix 
multiformat camera during review of the videotape. 
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Fig. 2.—Coronal scan. Use of biopsy transducer for placement of ventricular 
shunt catheter (arrow). Series of images shows gradual passage of catheter 


Bacto agar, a purified, dehydrated agar preparation, was obtained 
from DiFco Laboratories (Detroit, Ml). It dissolves readily in boiling 
water (50 mi agar/1000 ml water), forming a clear solution, which 
was allowed to cool and solidify at room temperature. Latex and 
synthetic rubber balloons of various sizes were filled with 30% water- 
soluble radiographic contrast material (Renografin 30%; Squibb, Inc., 
Princeton, NJ). This contrast material allowed us to confirm the 
location of the balloons through standard radiography, as the solidi- 
fied agar is visually opaque. Small balloons (less than 1 cm in 
diameter) were prepared by using the technique of Debrun et al. [5]. 

In the preparation of the ventricular model, solid cylinders of frozen 
contrast media were used as conduits to interconnect the balloons 
before the solidification of the agar. We froze both balloons and 
cylindrical struts, cut the balloons at the site of attachment, and then 
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Fig. 1.—A, Anteroposteior radiograph of ven- 
tricular phantom filled with dilute contrast media. 
Black line indicates plane cf ultrasound scan (1B). 
L = lateral ventricle, 3 = thrrd ventricle, S = struts 
connecting lateral ventricles and third ventricle. B, 
Coronal sonogram shows dilated lateral and third 
ventricles. Image plane is posterior to struts con- 
necting lateral and third vertricles. 


through agar and subsequently into balloon. Mechanica “calipers” (white lines) 
are generated by biopsy transducer. 


froze the strut to the frozen exposed fluid within the balloon. In this 
way, the final structure is a communication cf fluid-filled spaces 
encased by agar, resembling the ventricular system (Fig. 1). The 
balloons and struts were embedded in warm agar that was allowed 
to cel, so that the layer-by-layer assembly and interconnection needed 
to form the ventricular model was achieved. The warm agar gel was 
allowed to harden at room temperature. Since the ultrasound study 
could be performed only from the superior surface of the phantom, 
the phantom could be embedded at an obliquity to the surface so 
tha it would more closely approach the intraoperative orientation of 
the ventricular ultrasound system for shunt placement. 

A “cyst phantom” was made by suspending Etex balloons, 1 cm 
in diameter, at depths of 4, 6, and 8 cm in ager gel. An additional 
phantom was constructed by placing one fluo-filled balloon into 
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Fig. 3.—Guidewire generates strong echoes that are focused at its tip (arrow) and causes an acoustical shadow; guidewire can be differentiated from catheter 


(arrowhead). 


another and partially deflating the outer balloon while that balloon is 
embedded in agar. This created three concentric fluid-filled spaces. 

The phantoms were stored in sealed plastic containers and used 
for 3 weeks without problems of desiccation. Other authors have 
reported the prevention of desiccation by covering the gel with 
cellophane wrap. No antibacterial/fungal agents were added to the 
gel, although such agents may be useful, if long-term use of the 
phantom is anticipated. Azide preparations are also useful bacterio- 
Static agents. 

Straight Silastic ventricular shunt catheters and Hakim shunts were 
provided by Cordis Co. (Miami, FL). Standard 19-gauge and 21- 
gauge spinal needles were used as biopsy needles. A 16-gauge 
needie was used with coaxial insertion of a 0.032-in. (cm) Newton 
LLT wire. A 22-gauge needle was used to inject saline or air into the 
Hakim reservoir chamber for evaluation of microbubbles as a contrast 
agent. 


Findings 


Four different phantoms, including two ventricular phan- 
toms, were used. More than 30 passes of a biopsy needle or 
ventricular catheter with the ATL biopsy probe (Fig. 2) resulted 
in easy, reliable puncture of the cystic spaces in the various 
phantoms. We have had previous experience with this tech- 
nique, but similar needle/catheter procedures are routinely 
performed by residents and fellows in our institution after a 
minimal period of training. several passes with the Silastic 
catheter and introducer resulted in direct approximation of 
the catheter on the ventricular system; there was some 
difficulty with puncturing the soft, elastic walls of the balloon 
because of the absence of an end hole in the ventricular 
catheter and its blunted tip. The phantoms tolerated several 
punctures without considerable disruption of the morphology 
of the ventricular structures, but after numerous repeated 
punctures, considerable disruption and decompression of the 
cystic spaces occurred. 

The biopsy transducer was used to position the 25-, 22-, 
19-, and 16-gauge biopsy needles. Often only a single pass 
was required into cysts as small as 1 cm in diameter and 4, 
6, and 8 cm deep to the surface. The characteristic “tram 
track” morphology of the ventricular catheter was easily im- 
aged and differentiated from the strongly echogenic guide- 
wire or metal introducer (Fig. 3). When positioned in the 





Fig. 4.—A 16-gauge needle (large arrow) pierces cyst (lateral ventricle, 
longitudinal scan) (see Fig. 1) and can be differentiatec from guidewire, which 
is extruded centrally (open arrow). 


ventricular system, the catheter could be manipulated 
throughout the ventricular system. This manipulation was 
aided by the insertion of both the stainless steel introducer 
and various wires that increased rigidity and control. The 
course of the echogenic, shadowing wires within the catheter 
could be visualized and differentiated from the catheter; the 
tip of the wire within the catheter could be determined by its 
strongly echogenic character. A tip-deflecting wire allowed for 
easy deflection of the catheter tip. The direction and extent 
of deflection, however, were not well controlled, and complex 
controlled manipulations of the ventricular catheter could not 
be achieved. When a 16-gauge needle was introduced into 
the cystic spaces, the morphology of the needle could be 
differentiated from a coaxially positionec guidewire (guide- 
wires: Newton 0.035-in., 3-mm J, 15-mm J LLT, and 0.035- 
in. tip-deflecting wire; Cook Co.) (Fig. 4). 

Injection of small volumes of saline into the cyst generates 
echogenic foci (microbubbles) (Fig. 5), which fill in the fluid- 
filled space. Microbubbles can be differentiated from the 
spurious echoes caused by reverberation artifact and sub- 
optimal focusing of the transducer in small deep cystic struc- 
tures. The extrusion of echogenic material from the side holes 
of the catheter demonstrates the patency of these side holes. 
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Fig. 5.—Hand injection of small volume of saline generates numerous echogenic foci (microbubbles) that fill in cyst. Injection needle is outside of ultrasound 
image plane. 





Fig. 6.—Shunt catheter pierces 1-cm “cyst” at a depth of 6 cm. Intracystic bubbles, the strongly echogenic foci that fill in cyst and collect superiorly 
position is shown by injection of small amount of saline, which creates micro- (arrow). 





Fig. 7.—Microbubbles extruded along course of catheter show improper Intraparenchymal injection of microbubbles in vivo could cause neuronal dam- 
placement of shunt catheter outside of model ventricular system (coronal scan). age. 
Microbubbles are helpful in defining the location of the cath- bubbles clearly demonstrate the separation of three noncom- 


eter and biopsy needle as intra- vs extraluminal (Figs. 6 municating concentric cystic spaces (Fig. 9). In this model, 
and 7). Microbubbles that are distributed in a fluid-filled space microbubbles help to define the location of a 22-gauge biopsy 
mark the extent of communication of loculations in complex needle positioned in the cystic structure even when the needle 
sonographic structures (Figs. 8 and 9). For example, micro- is not directly imaged (Fig. 9). 
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Fig. 8 —A septum was created by a partially deflated balloon. Microbubbles generated in upper aspect of cavity (arrow) show no communication between the 


two cavities. 





Fig. 9 —A, Phantom composed of three concentric noncommunicating fluid- 
filled spaces. A 22-gauge needle was advanced into each cyst. Location of 
needle tip was not well seen directly by ultrasound. Hand injection of saline 


Discussion 


Microbubbles are a well described, clinically useful contrast 
agent employed in echocardiography [6, 7]. The potential of 
this agent as a sonographic contrast material for neurosurgI- 
cal procedures or ultrasound-guided interventional proce- 
dures has not previously been described. Microbubbles are 


defines location of needle in each cystic space and confirms tne separation of 
these spaces (B, C, D). 


often seen during sonography of vascular structures but are 
routinely dismissed or misinterpreted as “turbulence” or arti- 
fact, or are confused with the low-level echogenicity of mural 
thrombi. Microbubbles are generated by the cavitation phe- 
nomenon, in which pressure changes caused by rapid 
changes in fluid flow bring solubilized gases transiently out of 
the solution. The microbubbles create echogenic scatter be- 
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cause of refractive gas/fluid interfaces that resolve as the 
bubbles return into solution. Evidence for the existence of 
microbubbles includes the absence of sonographic echoes 
and microbubbles when degassed solutions are used. When 
generated by the force of hand injection, microbubbles meas- 
ure 10-100 um as seen by light microscopy and persist for 
approximately 120 sec. Mechanical ultrasonication creates 
5-10 um microbubbles, which persist longer than those cre- 
ated by hand injection [8]. 

We believe that microbubbles may prove useful in ultra- 
sound-guided procedures. Microbubbles may define the lo- 
cation of the catheter or needle tip during its placement in 
small, loculated, or sonographic “complex” structures, includ- 
ing the ventricular system, a syrinx cavity, or a cavitary lesion. 
Because microbubbles can demonstrate patency of shunt 
catheters, they may prove helpful in demonstrating optimal 
catheter position and patency in complicated ventricular shunt 
placement, such as the nondilated ventricular system (slit 
ventricles, trapped fourth ventricle) or cases of ventriculitis 
with intraventricular synechia and loculations. Microbubbles 
can help to define the location of biopsy needles in fluid-filled 
structures even if the needle is not visualized. They may be 
helpful in defining the biopsy site in a sonographically complex 
or loculated structure so that adequate and representative 
tissue or fluid samples are obtained. Although microbubbles 
can define the extraluminal location of a catheter, use of 
microbubbles in brain parenchyma or solid lesions is not 
advised because trauma to or transsection of neuronal tracts 
can result. Clinical evaluation of the potential role of micro- 
bubbles as a neurosonographic contrast agent is being un- 
dertaken. 

Two common, important problems in catheter manipulation 
(whether intravascular, intrabiliary, or intraventricular) are 
maintaining adequate control of the location of the catheter 
and demonstrating adequately the position of the catheter. 
The results of this study confirm the ease of biopsy and 
catheter positioning with the aid of a biopsy transducer in 
small deep structures. We were able to make simple maneu- 
vers with the catheter within the phantom, but complicated 
well-controlled manipulations were not achieved. Guidewires 
that were strongly echogenic were easily imaged and could 
be differentiated from the catheter, which is less echogenic. 
Because they enhance the contrast of the catheter as com- 
pared with adjacent structures, wires may be helpful in local- 
izing catheter position. The safety of catheter manipulation 
with wires has yet to be determined. Our preliminary impres- 
sion, however, is that tip-deflecting wires are dangerous 
because of poor control of the direction of deflection and 
“feel” for the visceral wall with this wire. If further refined, 
shunt manipulations under ultrasound control may preclude 
complete shunt revision when shunt obstruction is due to its 
position (i.e., side holes against the choroid plexus or in the 
foramen of Monro), rather than to the more common occur- 
rence of side-hole occlusion. 

“Tissue-equivalent” solid sonographic materials have only 
recently become available; they propagate sound at a speed 
and with scattering characteristics similar to that of parenchy- 
mal tissues [9, 10]. The use of these phantoms in conducting 
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pilot studies for interventional procedures and in developing 
interventional skills has been minimal. A neurosonographic 
phantom has not been previously reported. The relatively 
inexpensive, simple preparation of these phantoms as de- 
scribed above vs the considerable commercial expense of 
phantoms [11, 12] makes their use in intervention desirable. 

Our preliminary findings suggest the potential for an ex- 
panding role of ultrasonography in interventional radiologic 
techniques and the potential use of ultrasound contrast 
agents such as microbubbles in neurosurgical procedures. 
This study shows that tissue-equivalent phantoms may be 
helpful in the development and evaluation of these techniques 
and in neurosonography training. 
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Assessment of Ventricular 
Shunt Patency by 
Sonography: A New Noninvasive 
Test 





This report describes a new test of patency of the ventricular component of a 
ventriculoperitoneal shunt that precludes injection into the shunt reservoir. Preliminary 
clinical experience confirms that digital compression of the ventricular shunt reservoir 
(Cordis standard and pediatric reservoir), while occluding the shunt distal to the reser- 
voir, generates microbubbles that increase the echogenicity of the catheter, demonstrat- 
ing shunt patency. In vitro, the extrusion of microbubbles from catheter side holes can 
be imaged during digital compression of the reservoir, but so far this has not been 
imaged in patients as a direct sign of shunt patency. A sonographic means of assessing 
shunt function offers the advantage of simultaneously imaging the ventricular catheter, 
determining its location, and assessing the etiology of shunt failure. Its usefulness is 
limited to pediatric cases in which an adequate transfontanelle cranial sonographic 
study can be obtained and to individuals with large craniotomy defects. 


Ventricular shunt placement in pediatric obstructive hydrocephalus has helped 
to reduce long-term morbidity and mortality [1]. The determination of ventricular 
shunt function is a difficult clinical problem that frequently arises during the 
management of shunt patients. A 25%-30% revision rate (unrelated to the growth 
of the infant) is reported in the pediatric population [1, 2]. A readily avalable, safe, 
simple, reliable, and inexpensive means of assessing ventricular shunt function has 
eluded investigators. In this study, microbubbles are exploited as a sonographic 
contrast agent that allows for demonstration of both catheter position and patency 
without injection into the reservoir or shunt system. 


Materials and Methods 


A tissue-equivalent sonographic cyst phantom and a phantom model of the ventricular 
system were prepared by methods described in detail elsewhere [3]. Straight silicone 
elastomer ventricular catheters and Hakim valve systems were provided by the Cordis 
Corporation (Miami, FL). Standard 21-gauge spindle needles were used. Am Advanced 
Technology Labs (ATL) Mark Ili real-time, mechanical sector-scanner with 3.5- and 5.0-MHz 
transducers was coupled to a video tape recorder. Static images were recorded with a matrix 
camera. 

We conducted in vitro studies by positioning the ventricular catheter and stainless steel 
introducer into cystic structures under sonographic guidance by a biopsy transducer. The 
catheter system was then assembled after the metal introducer was removed anc the system 
was flushed with saline. The generated microbubbles were allowed to clear over 2 min. While 
the catheter tip was well visualized, the antechamber was compressed during occlusion of 
the catheter tubing distal to the antechamber (as in Fig. 1). We recorded the sonographic 
studies on videotape. A straight ventricular catheter without side holes was provided by the 
Cordis Corporation (Miami, FL) for evaluation of the sonographic appearance of an occluded 
catheter during digital compression of the antechamber. 

The limit of sonographic detectability of microbubbles was assessed in vitro. Small, serial 
increments (0.01, 0.02, 0.03, 0.04-0.2 ml) of saline were injected into the antechamber of a 
straight pediatric catheter with a 25-gauge needle and tuberculin syringe, while the catheter 
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Fig. 1.—Schematic illustration of the means of generating microbubbles 
without puncturing reservoir. Simple compression of reservoir with occlusion 
of shunt tubing distally generates microbubbles in flowing fluid within tubing. 


was occluded distal to the antechamber (Fig. 2). 

For clinical assessment of shunt patency, a survey coronal and 
longitudinal study of the head were first performed to document 
ventricular size and localize the course of the ventricular catheter. 
Because of the need to compress the reservoir, the patient's head 
was then stabilized and immobilized facing the side, “reservoir” up. 
Two operators, either physicians or a physician and technician or 
nurse, were needed for the procedure. One operator scanned until 
the catheter was displayed in its maximal longitudinal length. With 
the anterior fontanelle as a window, this was usually a sagittal or 
parasagittal scan of the lateral ventricle in which the catheter often 
resides. An attempt was made to image the longest segment of 
catheter that floated freely in the ventricular cavity but did not abut 
the ventricular wall or choroid plexus. The video recorder was started. 
The second operator compressed the reservoir, firmly occluding the 
shunt tubing just distal to the reservoir. The first operator scanned 
the same segment of catheter and noted any change in echogenicity 
caused by flowing microbubbles. 

Preliminary clinical material consisted of eight studies on three 
patients, infants and children with ventricular shunts who were ad- 
mitted to the pediatric and neurosurgical services at the Massachu- 
setts General Hospital in the autumn of 1984. The patients were a 2- 
month-old infant with Arnold-Chiari malformation (case 1, Fig. 3), a 7- 
month-old infant with grade IV germinal matrix hemorrhage compli- 
cated by hydrocephalus (case 2), and a 15-year-old boy with aque- 
ductal obstruction secondary to a large intraventricular arteriovenous 
malformation (AVM) (case 3, Fig. 4). In case 3, a large burr hole was 
used as an acoustic window. 


Results 


With the force of hand injection into the ventricular ante- 
chamber, as little as 0.1 ml of saline was reliably and repro- 
ducibly imaged as echogenic scatter, extruded from the side 
holes of the ventricular shunt catheter in vitro. We could 
visualize 0.05-0.1 ml of injected saline but could not confi- 
dently differentiate the saline from spurious background 
echoes. This small volume is less than that of the antecham- 
bers of those common, commercially available catheters that 
the authors have evaluated (except for the pediatric burr hole 
reservoir, which has a volume of 0.08 ml [Cordis Corporation, 
Miami, FL]). In 15 of 15 consecutive trials, as assessed by 
two observers who compressed pediatric and standard an- 
techambers (as in Fig. 1) while imaging the catheter tip in 
vitro, microbubbles were generated “filling in” the sonolucent 
cyst (see Fig. 3). This was believed to demonstrate patency 
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Fig. 2.—Stepladder configuration of echoes (representing microbubbles) 
generated by hand injection of 0.1-ml saline. A similar appearance results from 
digital compression of the ventricular reservoir in vitro. (See also Fig. 5 in 
Widder and Simeone [3)). 


of the shunt catheter. We confirmed the validity of this as- 
sumption by placing a straight catheter with occluded end 
and side holes into a cyst and repeating the injection se- 
quence, which resulted in no increase in either echogenicity 
or “fill-in” of the cystic structure with echoes. Based on clinical 
exam and correlative studies, a proven obstructed shunt was 
not examined Clinically and the in vitro study of an obstructive 
shunt was necessary to validate the usefulness of this exam. 

When an open fontanelle (or a large craniotomy defect) was 
available as a sonographic window and patient motion was 
minimal, good visualization of the ventricular shunt and con- 
vincing demonstration of shunt patency was achieved in all 
instances. Compression of the antechamber as in Figure 1 
resulted in opacification of the ventricular catheter, with the 
echogenic microbubbles representing flow within the lumen 
of the catheter. No extrusion of microbubbles from side holes 
was imaged in vivo, but extrusion was readily imaged in vitro 
in our preliminary experience. We conducted eight studies on 
three patients, imaging two patients (6 studies) via a patent 
anterior fontanelle and one patient (2 studies) through a burr 
hole. Our demonstration of ventricular shunt patency in each 
case correlated well with the clinical and ultrasound impres- 
sion of shunt patency, as determined at the time of the study 
and the patients’ subsequent Clinical course. A representative 
Study (case 1) is shown in Figure 3. Images were suboptimal 
in three studies (see Discussion; Fig. 4). The shunts were not 
consistently tapped to verify patency because of the clinician's 
concern about introducing a shunt infection. 


Discussion 


Microbubbles are a well described, clinically useful contrast 
agent employed in echocardiography that, to our knowledge, 
has not been previously exploited in neurosonography. The 
features of microbubbles and preliminary in vitro studies 
indicating their potential use in neurosonography are de- 
scribed in detail in the preceding article [3]. In this study we 
demonstrate that microbubbles can be generated in a ventric- 
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nates at thalamocaudate groove. B, Increased echogenicity within the shunt 


Fig. 3.—Case 1. A, Parasagitial sonogram of infant with Arnold-Chiari 
(arrow) caused by microbubbles during digital compression O° reservoir. 


malformation. Tram-track echogenicity representing ventricular shunt termi- 


Fig. 4.—Case 3. A, Lateral film; right 
internal carotid artery injection; 15-year- 
old boy with intraventricular arteriove- 
nous malfcrmation. Large burr hole (ar- 
row) and shallow obliquity of alignment of 
shunt and scanning axis. B, Parasagittal 
sonogram. Catheter is imaged nearly par- 
allel to its axis. Ventricles are decom- 
pressed. Without use of video recording 
there was iittle perceptible difference in 
echogenicity of ventricular shunt (arrow) 
before and after compression of reservoir. 


ular shumt catheter by changing the flow via digital compres- 
sion of £ reservoir with patent catheter side holes. The small 
volumes (0.1 ml) of flowing fluids necessary to generate 
visualized microbubbles suggest minimal risk of its use in the 
setting of increased intraventricular pressure. 

Various means of assessing ventricular shunt function have 
been described. Simple palpation of the shunt reservoir is an 
unreliable test of shunt function [4]. Tests that require punc- 
turing the reservoir cause moderate patient discomfort and 
may introduce infection into the ventricular system. Shunt 
infections have been reported in as many as 5%-10% of the 
cases [4]. The limited number of reports available about shunt 
infections do not allow us to directly implicate the reservoir 
puncture as the cause, but they do show that Staphylococcus 
epidermss is the most commonly isolated agent of infection 
(1, 4]. If the reservoir is punctured, resistance to flow by 
mechanical injection of saline or air can be subjectively as- 
sessed. Radiographic contrast material or radionuclides can 
be introduced into the reservoir, and its clearance either 
retrograde (into the ventricular system) or antegrade (toward 
the peritoneum or superior vena cava) can be seen by com- 





puted tomography (CT) or gamma-camera imaging, respec- 
tively. These techniques have a reported 90%-95% accuracy 
[5] of demonstrating patency, but they are expensive, expose 
the patient to low levels of radiation, and share the risk of 
introducing infection. Microbubbles, used with ultrasound im- 
aging, can document the patency of ventricular shunt cathe- 
ters, both in the operating suite and at the bedside by hand 
injection of saline or antibiotics into the ventricular reservoir. 
Sonographic assessment of ventricular shunt patency has 
several advantages. The ventricular shunt reservoir need not 
be punctured. The study can be easily incorporated into a 
pediatric cranial sonographic examination at minimal expense 
and provides simultaneous evaluation of ventricular size, 
shunt location, termination, and patency. Visualization of the 
catheter tip is not necessary, although the increased contrast 
created by the microbubbles may improve the ocalization of 
the catheter tip and demonstrate the relationship of the tip to 
the choroid plexus and the foramen of Munro. “he sensitivity 
of this test should improve with increasing use of high- 
resolution machines, such as the linear-array mechanical sec- 
tor-scanners or the Acuson scanner (Acuson, Mountain View, 
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California). 

Our preliminary experience leads us to the following rec- 
ommendations for conducting this test. Imaging perpendicular 
to the shunt catheter while the catheter is displayed in its 
greatest longitudinal length is optimal for performing this 
Study. Difficulty in interpretation was encountered when we 
attempted to image the catheter at a shallow obliquity (case 
3, Fig. 4). The change in catheter echogenicity seen during 
the test is most reliably determined in a segment of the 
catheter floating freely in the ventricle and not abutting ven- 
tricular wall or choroid plexus. Changes in echogenicity of a 
catheter adjacent to the ventricular wall or choroid plexus, 
which is echogenic, may be misleading if there is head or 
transducer motion; it may simulate echoes created by flowing 
microbubbles. The use of video tape recording during the 
Study is helpful for confirmation of “real-time” impressions. 
Further studies are necessary to determine the threshold of 
catheter patency detectable by sonography and the correla- 
tion of sonography with flow and pressure changes that 
determine the overall function of the catheter. Furthermore, 
the value of this test as compared with directional Doppler 
sonographic studies of shunt patency needs to be assessed 
[6, 7]. 

In conclusion, our preliminary findings suggest that sono- 
graphic imaging of the ventricular shunt catheter after “opa- 
cification” with microbubbles is a promising new test of ven- 
tricular shunt patency. The test requires an open fontanelle 
or a large cranial operative defect for good results. The study 
can be easily incorporated into the routine cranial sonographic 
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Study. Further clinical studies are being conducted to assess 
sensitivity and specificity of this test. 
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Dynamic Spin-Echo MRI of 
Liver Cancer Using 
Gadolinium-DTPA: Animal 


Investigation 





An animal model of liver cancer was used to demonstrate that with a fast MRI 
technique, Gadolinium-DTPA increases tumor-liver contrast. A spin-echo pulse se- 
quence with short repetition (TR) and echo-delay (TE) times (TR 250/TE 15/Excitations 
1) has a scan time of 0.6 min, which allows early dynamic postcontrast infusion imaging. 
This is necessary to capture peak compartmental differences when an extracellular 
contrast agent such as Gadolinium-DTPA is used. This short TR/short TE putse sequence 
also increases T1-dependent tissue contrast over the traditional (inversion recovery or 
spin echo) T1-weighted pulse sequences. Our studies suggest a significant potential 
for improved detection of liver metastases with Gadolinium-DTPA-enhanced liver MRI. 


Gadolinium-DTPA (diethylene-triamine-penta-acetic acid) is the best-known and 
currently the only MR contrast agent available for human investigation [1-4]. Early 
clinical studies with Gd-DTPA have suggested an important role for this paramag- 
netic compound in MRI of the central nervous system (CNS) because it enhances 
detection of some tumors and allows the margins of focal lesions to be distinguished 
from perifocal edema [5]. However, the application of Gd-DTPA in MRI of liver 
metastases has not been fruitful [5, 6]. In patients studied at the Hammersmith 
Hospital in London, a decrease in tumor-liver signal difference was often seen after 
an IV bolus infusion of 0.1 mmol/kg Gd-DTPA [5]. After Gd-DTPA, tumor nodules 
became isointense with surrounding liver and were obscured. This effect has thus 
far been attributed to the extracellular, non-tissue-specific distribution of the 
contrast agent. However, our analysis of the published data from Hammersmith 
reveals that the loss in tumor-liver contrast after Gd-DTPA can also be attributed 
to two other factors: the long scan times that were available for clinical imaging, 
and the duration of shortest echo time (TE minimum) that was availiable. In this 
paper we present a theoretical discussion of the application of Gd-DTPA for 
contrast-enhanced MRI of liver cancer and describe our results of anima! imaging 
studies in which we have attempted to overcome these limitations. We further 
propose a fast-spin-echo imaging technique for clinical use that we believe is 
extremely well suited for Gd-DTPA-enhanced dynamic MRI of liver cancer. 


Theoretical Considerations 
Paramagnetic Signal Enhancement 


Paramagnetic substances alter the longitudinal (1/T1) as well as the transverse 
(1/T2) relaxation rates [7]. Although this dual effect has competing effects on image 
signal intensity, MRI with paramagnetic contrast agents is usually done with pulse 
sequences that emphasize T1-dependent contrast, and at low concentrations of 
the agent where T2 shortening contributes little to signal intensity [8]. With these 
so-called “T1-weighted” pulse sequences (inversion recovery [IR] er spin echo 
[SE]), an increase in signal intensity occurs after paramagnetic contrast administra- 
tion. 
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Moss et al. [9] have shown that hepatic metastases display 
an average 40% increase in the T1 relaxation time and that 
liver metastases have a lower signal intensity relative to 
normal liver on T1-weighted images. Tumor-liver signal differ- 
ences may therefore be augmented by selectively increasing 
liver signal intensity with the use of paramagnetic compounds 
that have specificity for normal hepatic tissue. This, however, 
is not the case with Gd-DTPA for it lacks tissue specificity 
and after an IV injection it rapidly diffuses into both liver and 
tumor [3-6]. 


Analogy to Contrast-Enhanced CT 


The pharmacokinetic behavior of Gd-DTPA has been care- 
fully studied and has been shown to be entirely analogous to 
iodinated intravascular contrast media used in excretory urog- 
raphy and contrast-enhanced CT [1-4]. Gd-DTPA has rapid 
plasma clearance (t2 = 90 min) and is eliminated via the 
kidneys. Consequently, once Gd-DTPA has equilibrated into 
the interstitial compartment, there is enhancement in signal 
intensity from both the liver and the tumor and as with liver 
CT, a net loss in contrast between the two tissues often 
occurs. 

Since the pharmacologic behavior of Gd-DTPA is identical 
to that of iodinated contrast media used in CT, development 
of imaging techniques for Gd-DTPA-enhanced liver MR can 
be based on lessons learned from contrast-enhanced liver 
CT. Differences in tumor-liver density after the administration 
of extracellular contrast agents are variable and are related 
to the biological characteristics of metastases (e.g., vascular- 
ity) and to the rate at which these contrast agents redistribute 
into tumor and liver. However, maximal tumor-liver density 
differences occur in the first two min after a bolus of the 
contrast agent, and early dynamic CT scanning is necessary 
to capture its peak effect [10, 11]. Furthermore, because of 
passive leakage of contrast media into tumor masses, images 
taken after the contrast material has distributed into the 
extracellular space are usually of poorer quality than the 
unenhanced images [12, 13]. 

Unfortunately, subminute rapid MRI techniques are not 
widely available and most clinical liver MR studies require 
continuous imaging for approximately 10 min. Thus, there 
arises a temporal disproportion between the diagnostically 
useful clinical MR scan times (approximately 10 min) and the 
subminute intra- to extravascular diffusion of Gd-DTPA. This 
we believe is primarily responsible for the poor clinical results 
obtained so far. 


Timing Parameters 


Recent theoretical analyses have revealed the critical im- 
portance of using the shortest possible TE when imaging with 
T1-weighted pulse sequences [14-16]. This is based on the 
observation that as TE values approach zero, signal loss due 
to T2 relaxation processes diminishes, thereby increasing T1- 
dependent contrast in both SE and IR pulse sequences. 
However, SE pulse sequences provide greater T1-dependent 
contrast than IR pulse sequences only when echo times less 
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than 20 msec are used [8]. This accounts for the widespread 
Clinical use of IR pulse sequences when imaging T1-depend- 
ent contrast. In either case, when using paramagnetic com- 
pounds, the availability of the shortest possible TE becomes 
even more important, since these contrast agents decrease 
the T2 relaxation time and hasten the signal loss that neces- 
sarily occurs with echo times greater than 0 msec. 

These concepts have also been confirmed in our previous 
in vivo animal imaging experiments using a prototype hepa- 
tobiliary paramagnetic contrast agent lron-EHPG (ethylene- 
bis-[2-hydroxy-phenylglycine]) [8]. In these studies, reducing 
the TE from 30 to 15 msec produced a 128% improvement 
in liver-signal enhancement with an IR (1500/400/TE/2) pulse 
sequence and a 53% increase with a SE (500/TE/6) pulse 
sequence ([Signal intensity postcontrast — signal intensity 
precontrast]/background noise). Also, optimized IR (1300/ 
300/15/2) and SE (160/15/18) pulse sequences were nearly 
identical in their ability to enhance liver-signal intensity. How- 
ever, the drawback of using an IR pulse sequence lies in the 
fact that long acquisition times (>5 min) are required, which, 
as noted above, are not well suited to imaging with a rapidly 
diffusing extracellular paramagnetic contrast agent such as 
Gd-DTPA. On the other hand, the short TR in a T1-weighted 
spin-echo pulse sequence can suitably allow rapid imaging 
(scan time = TR X number of phase-encoding steps x number 
of excitations) whereby with a single excitation, subminute 
images may be acquired. At the same time, acceptable signal/ 
noise ratios may be achieved owing to the marked increase 
in tissue signal intensity that occurs with paramagnetic con- 
trast agents on these T1-weighted pulse sequences. 

Furthermore, a short TR need not hinder multislice imaging 
capabilities because the maximum number of slices attainable 
is proportional to the ratio TR/TE, and our method reduces 
both TR and TE. Moreover, the reduction in TR is of far less 
importance than the reduction in TE in imaging T1-dependent 
contrast [15]. For example, in our animal studies, reducing 
TE from 30 to 15 msec (SE 500/TE) increased liver-signal 
enhancement by 53%, while reducing the TR from 500 to 160 
msec (SE TR/15) increased liver-signal enhancement by only 
13% [8]. Thus, when using this short TR/short TE dynamic 
spin-echo imaging technique, TR may be freely selected to 
obtain the desired number of slices. 


Study Hypothesis and Design 


We hypothesize that the poor effect of Gd-DTPA on tumor- 
liver contrast observed by Hammersmith et al. [5] can be 
attributed to several technical limitations. Most importantly, 
their long IR scan times did not suit the rapidity with which 
an IV bolus of Gd-DTPA redistributes from the vascular 
compartment into the hepatic and tumor interstitium. Further- 
more, their TE minimum of 44 msec did not optimally image 
the signal-enhancing effects of Gd-DTPA. A shorter TE and a 
SE pulse sequence would have substantially increased signal 
intensity and possibly improved lesion detectability. 

To illustrate the critical interaction of rapid imaging during 
the immediate period after Gd-DTPA injection and the short 
TR/short TE T1-weighted pulse sequences, we designed a 
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dynamic spin-echo scanning technique and carried out in vivo 
Gd-DTPA-—enhanced MRI of an implanted liver cancer in a rat 
model (Saini et al., unpublished data). Our results show a 
uniform and marked increase in tumor-liver signal difference 
after Gd-D7PA and indicate considerable promise for its use 
in contrast=nhanced MRI of human liver cancer. 


Materials end Methods 
Animal Mode’ 


Our anime! model of liver cancer is entirely analogous to human 
liver metastatic cancer in its histologic (adenocarcinoma) and imaging 
(MR, sonography, CT) characteristics. Surgical implantation of a 
spontaneous'y occurring mammary adenocarcinoma (EG&G Mason 
Research Institute, Animal and Human Tumor Bank, Worcester, MA) 
in the livers cf mature female Fisher 344 rats (Charles River Breeding 
Laboratories. Wilmington, MA) produces solitary intrahepatic tumor 
nodules in ower 90% of animals. Tumor growth is uniform with 0.5- 
1.0 cm masses seen at approximately 14 days and central liquification 
necrosis appearing at approximately 4 weeks when tumor size is 
greater than 2 cm. No regional or systemic spread occurs. MR 
characterization of the tumor by in vitro spectroscopic studies shows 
a 30-50% prolongation in tumor T1 and T2 times similar to the human 
metastatic aeenocarcinoma. Similarly at in vivo MRI, tumor nodules 
show the expected low- and high-signal intensities on T1- and T2- 
weighted pulse sequences, respectively. 


Imaging 


MRI of eight tumor-bearing rats was performed in a horizontal bore 
(8 cm) supesconducting magnet system (Technicare Corporation, 
Solon, OH) aperating at a magnetic field strength of 1.4 T, corre- 
sponding to 4 proton resonance frequency of 61.4 MHz. Images were 





Fig. 1.—Dynamic MR imaging of implanted adenocarcinoma in a rat liver 
with Gd-DTPA_SE 250/15/1; 0.6-min scan time. Pre-Gd-DTPA tumor (arrows) 
has lower signal intensity than surrounding liver. Grainy image quality is due to 
poor signal/noise ratio. Post-Gd-DTPA images show an increase in signal 
intensity from rormal liver. Early images (1, 2, and 3 min) also show enhanced 
tumor-liver contrast whereas later scans (8, 10) show reduction in tumor-liver 
contrast. At 10and 15 min, tumor signal intensity actually exceeds that of liver. 
60 min after Ge-DTPA, some areas of tumor nodule once again begin to have 
a lower signal imtensity than liver. 
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Fig. 2.—Plot of tumor-liver contrast derived from region of interest. (SI tumor 
— SI liver/SI noise, where SI is signal intensity.) Rats with intrahepatic implants 
of mammary adenocarcinoma were injected with Gd-DTPA (0.2 mmol/kg). An 
immediate (1 min), nearly threefold accentuation of tumor-liverccontrast (—4.8 
— —13.8) reverts to isointensity at 8 min. Tumor signal intensity maximally 
exceeds liver signal intensity at 15 min, but tumor-liver contrast remains less 
than preinjection. 


acquired using a two-dimensional Fourier transformation technique 
with slice selection determined by selective irradiation. A T1-weighted 
spin-echo pulse sequence was used (SE 250/15). Imaging times were 
altered by varying the number of excitations. With a single excitation, 
images were acquired in 36 sec. All images were obtained using 128 
phase-encoded gradient steps. Reconstructed images (256 x 256 
pixels) had a slice thickness of 3 mm and submillimeter in-plane 
resolution. 

Anesthetized (35 mg/kg intraperitoneal pentabarbitol) tumor-bear- 
ing rats were imaged with an IV access in place. Transverse abdom- 
inal scans were obtained and hepatic tumors localized. Without 
moving the rats, 0.2 mmol/kg Gd-DTPA (Berlex Laboratories Inc., 
Cedar Knolls, NJ) was rapidly injected (less than 15 sec), and serial 
scanning was performed for up to 180 min. Normal respiratory motion 
was permitted during the scanning period. After imaging, the animals 
were sacrificed for anatomic correlation. 

The signal intensity for normal liver, tumor, and background noise 
were measured with an operator-selected region of interest. Because 
the animals were not moved between successive scans, the region 
of interest was similarly not changed when successive images were 
analyzed. Tumor-liver signal-difference/noise ratios (SD/N) were cal- 
culated according to the formula SD/N = (SI tumor — SI liver)/SI 
background noise, where SI = signal intensity. Images were repro- 
duced at nearly identical window-width and window-level settings. 


Results 
Characteristics of Signal Enhancement 


The effect of administering Gd-DTPA on liver-tumor signal 
difference is shown in Fig. 1. On an unenhanced T1-weighted 
image (SE 250/15/1), the tumor has a lower signal intensity 
than the normal liver. Images are of poor quality because of 
low signal/noise levels. Immediately (first-min image, Fig. 1) 
after the bolus infusion of Gd-DTPA (vascular phase), there 
is marked signal enhancement from the normal liver and from 
the periphery of the tumor nodule. No significant signal en- 
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Fig. 3.—Effect of prolonged Gd-DTPA retention in tumors. SE 250/15/6; 
3.7-min scan time. A, Precontrast tumor (T) has lower signal intensity than liver 
(L). B, Scan acquired at 0-4 min post Gd-DTPA shows inhomogeneous leakage 
of contrast material into tumor. C, Scan acquired at 26-30 min post Gd-DTPA 
shows greater signal intensity from tumor than surrounding liver. 


hancement is seen in the tumor mass, and as a result the 
tumor nodule can be easily visualized. As the contrast agent 
redistributes itself from the vascular to the extracellular space 
(interstitial phase), Gd-DTPA passively diffuses into the tumor 
(Fig. 1). Tumor-liver signal differences gradually diminish and 
at approximately 8 min the two tissues become isointense 
(Fig. 1). 

Just as the appearance of Gd-DTPA in tumor tissue is 
slower than that of normal liver, probably due to differences 
in perfusion, the elimination of Gd-DTPA from the tumor also 
appears to proceed at a rate slightly slower than that from 
normal liver (Fig. 1). Thus, on delayed images (Fig. 1) the 
tumor nodules have a slightly greater signal intensity than 
normal liver. However, at 60 min (Fig. 1) little signal difference 
is seen in the two tissues as the image pattern begins to 
return to the unenhanced appearance. 

These changes are quantitatively depicted in Figure 2. 
Tumor-liver signal-difference/noise ratios increase approxi- 
mately threefold in the first minute after Gd-DTPA. This benefit 
is quickly lost, and by 8 min the two tissues become isoin- 
tense. Prolonged Gd-DTPA retention in tumor nodules, as 
manifest by tumor SI exceeding that of liver, is seen between 
10 min and 60 min after Gd-DTPA. However, this tumor-liver 
signal difference does not improve on the pre—Gd-DTPA level. 

The drawback in using longer scan times is thus apparent. 
When long scan times are used, the signal-enhancement 
pattern is averaged over the entire scanning period. The 
negative tumor-liver contrast seen early is thus averaged with 
the positive tumor-liver contrast present on the delayed im- 
ages. As a result, little signal difference between tumor and 
liver remains. 


Effect on Apparent Tumor Size 


On delayed images and images produced with long scan 
times, diminution of apparent tumor size commonly occurs 
after Gd-DTPA because the passive leakage of Gd-DTPA 
proceeds from the periphery of the tumor toward its center. 
Therefore, although the tumor nodule is easily delineated from 
normal liver on the 1-min image, its periphery becomes less 
defined on later images (Fig. 1), and the apparent tumor 


AJR:147, August 1986 


12min 





Fig. 4.—Effect of long scan time on Gd-DTPA-enhanced MR imaging. SE 
250/15/16; 3.7-min scan time. A, Pre-Gd-DTPA tumor (T) has a lower signal 
intensity than surrounding liver (L). B, C, Scans acquired from 0-4 min and 
from 8-12 min after bolus of Gd-DTPA show that tumor appears smaller as 
contrast material leaks in from periphery of tumor nodule. D, Scan acquired 
from 12-16 min post Gd-DTPA shows near complete filling in of tumor nodule, 
Causing tumor and liver to become isointense. 





Fig. 5.—Appearance of necrotic tumor. SE 250/15/16; 3.7-min scan time. 
A. Precontrast. Large tumor (T) mass involves almost the entire abdomen. 
Small amount of normal liver tissue is present (L). B, C, Post Gd-DTPA 
administration scans show enhancement of a peripheral rim of solid tumor. 
Central necrotic areas do not enhance even on delayed scans (stomach = S). 


nodule size begins to diminish as the peripheral tumor signal 
intensity more closely approximates that of normal liver. Sim- 
ilarly, with longer scan times (Figs. 3B, 4B, and 4C), a sub- 
stantial decrease in apparent tumor size is present. This effect 
is often seen during enhanced CT scanning of focal liver 
lesions and may have important negative implications when 
imaging small lesions or tumors that rapidly take up the 
contrast material. 


Appearance of Necrotic Tumors 


The effects of Gd-DTPA on signal difference between liver 
and necrotic tumor masses is shown in Figure 5. Because 
the central necrotic areas lack blood supply, they show no 
enhancement in signal after Gd-DTPA. Since liver signal in- 
tensity increases, the tumor-liver signal-difference/noise lev- 
els also increase. Thus, hypovascular tumors are particularly 
Suitable for detection with Gd-DTPA. 


Discussion 


The contribution of Gd-DTPA to MRI of the CNS has been 
the subject of intense recent study [5]. Because of breakdown 
of the blood-brain barrier, Gd-DTPA leaks into abnormal tissue 
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and allows better detection of certain tumors and clearer 
discrimination of tumors from surrounding edema. However, 
as with centrast-enhanced CT, application of extracellular 
paramagnetic contrast agents in the CNS is not critically time- 
dependent. Thus, a slow-infusion technique is generally used, 
and scanning can be done at a leisurely pace. 

In the liver, however, it has been known for some time that 
the physiologic action of extracellular contrast agents is ex- 
ceptionally time-dependent, with peak effect occurring in the 
immediate 1-2 min after bolus infusion [10-13]. In performing 
liver CT, the likelihood of lesions becoming isodense after 
contrast administration has been minimized by using a bolus 
technique and by performing early dynamic incremental scan- 
ning [10-12]. 

In their report on the first clinical MR studies of Gd-DTPA- 
enhanced imaging of liver metastases, Carr et al. [5] noted a 
frequent lass in tumor-liver contrast after contrast administra- 
tion. However, technical limitations of timing parameters (im- 
aging times > 10 min; TE min = 44 msec) did not suit the 
rapidity with which Gd-DTPA distributes itself into the extra- 
cellular compartment, or the imaging requirements of para- 
magnetic contrast agents to produce T1-dependent tissue 
contrast [8, 14, 15]. 

To best understand the imaging dynamics of Gd-DTPA 
enhancement of the tumor and liver, we selected a T1- 
weighted pulse sequence (SE 250/15/1) having a very short 
scan time (36 sec). This pulse sequence was also chosen 
because of its successful application in MRI of human liver 
cancer, as well as the demonstrated importance of a short 
TE in imaging with paramagnetic contrast agents [8, 17]. We 
used a dose of 0.2 mmol/kg Gd-DTPA because recent studies 
have suggested greater signal enhancement over a dose of 
0.1 mmol/kg Gd-DTPA [6]. 

Our results show that maximal tumor-liver signal difference 
with Gd-DTPA occurs immediately (1-2 min) after the admin- 
istration of the contrast agent. This occurs because the 
maximal differential distribution of Gd-DTPA between the two 
tissues occurs very early and is presumably due to differences 
in vascular perfusion. As the distribution of Gd-DTPA be- 
comes interstitial, tumor-liver contrast begins to decrease and 
the two tissues become more or less isointense—as early as 
8 min postinjection (Fig. 1). These findings clearly establish 
the need for early dynamic imaging when an extracellular 
compound:such as Gd-DTPA is used. 

Our selection of an SE (250/15) T1-weighted pulse se- 
quence is not at variance with the conclusion of Carr et al. 
[5], who noted the superiority of an IR (1400/400/44) pulse 
sequence for liver MRI with Gd-DTPA. Theoretical analyses 
have shown that for TE greater than 20 msec, IR pulse 
sequences are indeed better than SE for providing T1-de- 
pendent centrast; whereas for TE less than 20 msec, the 
reverse is true [8, 15]. Furthermore, this pulse sequence has 
also proven to be highly efficacious in clinical liver MRI. At 
Massachusetts General Hospital we have performed MRI 
examinations on over 130 patients with liver metastases and 
have shown the utility of liver imaging with such a short TR/ 
short TE T 1-weighted spin-echo pulse sequence (SE 260/18/ 
18) [17]. Exquisite anatomic detail and reduced motion arti- 


MR OF LIVER CANCER 361 


facts have been obtained without requiring respiratory gating, 
and the entire liver is imaged by obtaining 12 slices, each 
having a thickness of 1.5 cm. Furthermore, this pulse se- 
quence has also proven to have superior tumor-liver signal 
difference/noise ratios over other conventional pulse se- 
quences. 

A new and potentially important observation is that just as 
the uptake of Gd-DTPA in tumors is slower than that of 
normal liver, its clearance is also slower. Indeed, the signal 
intensity from tumors may transiently exceed that of normal 
liver tissue on scans performed within 10 min after contrast 
infusion (Fig. 1). This prolonged retention in tumor tissue may 
be related to differences in vascular perfusion and in some 
cases may confer added diagnostic specificity. 

In conclusion, our studies have demonstrated that with 
paramagnetic Gd-DTPA, a dynamic MR scanning technique 
can dramatically improve image tumor-liver signal differences. 
Despite the initial apparent negative results of Gd-DTPA in 
the imaging of human liver cancer, our results suggest that 
this problem may be overcome by faster scan times. Consid- 
eration of signal/noise issues is also particularly relevant when 
evaluating fast imaging techniques because of the immense 
enhancement in signal intensity that results from the admin- 
istration of Gd-DTPA. Advantages in patient throughput will 
follow. We speculate that the lack of tissue specificity may be 
further overcome by drip infusing the Gd-DTPA over the 
course of a scan to maintain a gradient between tumor and 
liver tissue levels of the contrast agents. Similar strategies 
exist with contrast-enhanced CT of liver cancer and may be 
particularly crucial when rapid imaging is not clinically feasible. 
Fast scan times and delayed scans may also provide infor- 
mation on tissue vascularity and organ function, thus improv- 
ing diagnostic confidence. Studies to test these additional 
variables are currently underway. 
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Multiple-Angle, Variable- 
Interval, Nonorthogonal MRI 





Multiple-angle, variable-interval, nonorthogonal (MAVIN) MRI is a new, time-saving 
technique that allows for the independent choice of slice angle and position for each 
slice in a multiangle pulse sequence. By appropriate adjustment of the slice-select 
radiofrequency pulse and the slice-select and readout magnetic-field gradients, the 
interval and angle of each slice may be individually chosen. MAVIN can reduce exami- 
nation time in studies of the lumbar spine, orbits, knees, and heart, where nonparallel 
oblique scanning may be necessary and would otherwise require the use of additional 
pulse sequences. Loss of signal in the region of intersection of multiple planes due to 
local changes in effective repetition time is a practical limitation. For this reason, scan 
planes are chosen so that the intersection does not overlie the region of interest. 


The ability to obtain images in a variety of planes has been heralded as a 
fundamental advantage of MRI. Oblique imaging has been applied to numerous 
areas, including the spine, knee, heart, and orbits [1-5]. Previously, all images 
produced by a given multislice pulse sequence were parallel to each other and 
positioned at a fixed interval. This limitation required that for each oblique plane in 
which images were obtained, a separate pulse sequence had to be performed, 
which resulted in lengthy examination times. To reduce imaging time, images in 
multiple planes of obliquity are frequently not obtained, thus negeting a basic 
advantage of MRI. For these reasons, a new multiple-angle, variable-interval, 
nonorthogonal imaging (MAVIN) technique was developed. 

MAVIN allows for the independent choice of slice angle and position for each 
image in a multislice sequence, and requires the same amount of time as does a 
parallel-slice, fixed-interval, multislice sequence with the same number of images. 
MAVIN has potential applications in the study of virtually every organ system. 


Materials and Methods 
General Specifications 


Images were obtained using a 0.3-T nonsuperconducting magnet whole-body imaging 
system (FONAR B-3000M, Melville, NY). A two-dimensional Fourier-transform (2D-FT) tech- 
nique was used for multislice image acquisition. The data were either collected on a 256 x 
256 matrix and interpolated to 512 x 512 for display or acquired directly on a 512 x 512 
matrix. Images had pixels as small as 0.5 mm? and slices as thin as 2 mm. A variety of spin- 
echo pulse sequences was used. 


The MAVIN Pulse Sequence 


MRI using 2D-FT techniques employs magnetic-field gradients in three funcamental ways 
[6-7]. First, a linear magnetic-field gradient is applied with radiofrequency stimulation in order 
to excite a signal from a plane of finite thickness. The distance of the excited plane from the 
magnet center is completely determined by the strength of the slice-select gradient (Gss) and 
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Fig. 1.—Line drawings of gradients used to define scan planes. A, Multislice 
parallel orthogonal acquisition. For each imaging plane, Gss, Gr, and Gpe equal 
Gx, G,, and G,, respectively. B, Multislice parallel oblique acquisition. All imaging 
planes are rotated by same Eulerian angle ¢ relative to reference plane. C, 


by the difference in frequency of the excitation pulse from the reso- 
nant frequency of the background field. The slice thickness is also 
determined by a combination of the gradient strength and the fre- 
quency bandwidth of the excitation pulse. 

Second, a frequency-encoding gradient (G) is employed to create 
a one-to-one correspondence between the frequency of the return 
signal and the source's position along the G; direction. Again, the 
distance of the source from the origin along the G; direction can be 
determined completely from the strength of G; and the difference 
between the return-signal frequency and resonant frequency of the 
background field. The frequency-encoding gradient is generally cho- 
sen to be orthogonal to the slice-select gradient. 

Third, the linear-gradient field is used for the phase encoding of 
Spatial information. In this application, the phase-encoding gradient 
(Gpe) is pulsed on for a brief period of time between signal excitation 
and digitization. The resultant temporary change in signal frequency 
is again dependent on the source position along the direction of Gos 
and results in an accumulated phase rotation that is proportional to 
T x A x D (where T is the phase-encoding gradient pulse duration, A 
is the pulse amplitude, and D is the signal source distance from the 
origin). During each scan cycle, the amplitude of the phase-encoding 
pulse is varied by a fixed amount. The signal from any source 
undergoes a continuous phase advance from each phase-encoding 
level (scan cycle) to the next. Therefore, the rate of phase increase 
with respect to the phase-encoding level is directly proportional to 
the distance from the origin. 

Typically, MRI systems have three separate magnetic-field gradient 
coils, each capable of creating a gradient field along one of three 
orthogonal directions. These are usually chosen to coincide with the 
principal axes of the patient: superior to inferior (z axis); anterior to 
posterior (y axis) and left to right (x axis). If each of the three coils is 
assigned a separate gradient function (slice selection, phase encod- 
ing, or frequency encoding), images in the three principle planes may 
be obtained (Fig. 1A). For each of these three planes, there are two 
choices for the phase-encoding direction. 

The principal axes of the image volume (Gss, Gf, Gpe), however, 
as defined by the slice-selection, frequency-encoding, and phase- 
encoding gradients need not coincide with the three principal axes of 
the gradient coils (G,, G,, Gz), but instead can be chosen to be a 
new coordinate system obtainable through a general rotation. The 
magnetic-gradient field is a vector whose direction and magnitude 
change in a carefully prescribed fashion during the course of a scan. 
The gradient contributions required in each of the principal axes were 
easily obtained by multiplying this vector by the appropriate rotational 
matrix to produce a Eulerian rotation. As a practical matter, it was 
easiest to perform the first rotation about the phase-encoding axis 
because of the similarity between the slice-select and readout-gra- 
dient waveforms. 
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Multislice, multiple-angle, variable-interval, nonorthogonal (MAVIN) acquisition. 
Each imaging plane is rotated by a single-variable Eulerian angle (¢; and ¢2) 
relative to reference plane. 


For example, the combination of principal gradients (G,, Ga G) 
necessary to define new gradients (Gss, Gr, Gpe) for an oblique imaging 
plane rotated about the y axis with a Eulerian angle 4, would be: 


Gss = G,cos ¢ — G,sin ¢ (1) 
G; = G,sin ¢ + G,cos ¢ (2) 
Gpe = Gy (3) 


Since the phase-encoding axis could be chosen to be along the x, 
y, Or Z axis, oblique images were obtained ranging from sagittal to 
coronal, axial to sagittal, or coronal to axial by using a single axis of 
rotation. For a more general rotation, the second Eulerian angle could 
be chosen to be a rotation about the frequency-encoding gradient. 
By using two rotation angles, images for all possible slice angles 
could be obtained. 

In conventional single oblique imaging, all image planes are defined 
by the same angles. The distance of each image plane from the origin 
is set by the offset frequency of the excitation pulse (Fig. 1B). The 
size of each frequency shift is calculable from the desired image- 
plane location and the gradient strengths used. 

MAVIN allows for the independent choice of angle and position for 
each slice (Fig. 1C). Image interpretation is generally easiest if only 
the first angle of rotation is used, creating imaging planes that vary 
from axial to sagittal, sagittal to coronal, or coronal to axial. Restrict- 
ing the choices of oblique imaging planes in this way also allows 
images previously performed in one of the principal axes to be used 
as a reference scan. The principal gradient combinations (Gss, Gpe, 
G;) necessary to define new gradients for a three-slice MAVIN se- 
quence with single Eulerian rotations of ¢;, ¢2, and #3 about the x 
axis would be: 


Gss! = G,cos ¢; — GSIN ¢, (4) 
Gr = Gsin ¢; + G,cos ¢; (5) 
Gpe! = G, (6) 
Gss2 = GCOS ¢2 — G,siN ġ2 (7) 
Ge = GSin ¢2 + G,cos ¢2 (8) 
Gpe = G, (9) 
Gss3 = G,cos ¢3 — GzSiN ¢3 (10) 
Gr = Gsin ¢3 + G,cos ¢3 (11) 
Gp = G, (12) 


Although the algebra required to perform MAVIN may be simple, 
the acquisition of quality images in oblique planes requires precise 
control of individual gradient coils. Any nonlinearity of the gradient 
response to changes in current invalidates the algebra, necessitating 
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Fig. 2.—MAVIN applied to examination of lumbar spine in a normal subject. 
A, Sagittal scout scan with seven line cursors used to select images for 
subsequently performed MAVIN spin-echo pulse sequence (SE/500/28). B, 
Lowest scan through upper sacrum depicts thecal sac (arrow) and nerve roots 





A B 


Fig. 3.—Surface-coil study of orbit in a normal subject. A, Axial surface-coil 
scout scan with MAVIN cursors placed to define images parallel to optic nerves 
(SE/300/28). Note intersection of planes posteriorly (arrow). B, Resultant 
oblique image through optic nerve. Note ophthalmic artery (arrow). C, Adjacent 


corrections that may be impossible to make. At the point of intersec- 
tion of multiple planes, local changes in repetition time that result in 
local loss of signal along the line of intersection presents a practical 
limitation (see Fig. 3). For this reason, scan planes are chosen so 
that the intersection is away from the region of interest. 


Results 


Figures 2, 3, and 4 demonstrate the results of the MAVIN 
technique. Figure 2 shows sagittal scans of the lumbar spine 
obtained in a normal subject. Line cursors were then used to 
choose a seven-slice MAVIN pulse sequence to optimize 
visualization of the intervertebral disks at the L3 through L5- 
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in anterolateral aspect of spinal canal (/ong arrows). C, Scan at _4-L5 disk 
level depicts disk (arrow), thecal sac (open arrow), and nerve-root ('ong arrow) 
exiting through neural foramina. 





Ae, 
E wake 


C 


image through medial orbit demonstrates characteristic loss of signal at inter- 
section planes of multiple slices (arrow). Note medial aspect of globe (arrow- 
head). 


S1 levels. By using MAVIN with a T1-weighted spin-echo 
pulse sequence (SE/500/28), all three disk levels could be 
examined with a single pulse sequence requiring only 8.3 min 
(four excitations, 256° matrix). The resultant oblique images 
are of high quality and are free of significant artifact. Note 
that the intersection of the oblique planes examimed is beyond 
the region of interest. 

Figure 3 demonstrates the use of MAVIN in examining the 
optic nerves. Scan planes are defined paralle! to the optic 
nerves. Both nerves may be examined using a single pulse 
sequence, providing a thorough examination in a reasonable 
amount of time. 

Figure 4 demonstrates an axial scout scan of a normal 
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knee and the oblique plane required to examine the anterior 
cruciate ligament while maintaining a sagittal orientation for 
images directed at examining the menisci. 


Discussion 


A fundamental advantage of MRI is its ability to obtain 
oblique images. Currently, a major drawback of MRI is its 
lengthy examination time, which increases patient motion 
artifacts, limits the number of patients examined, and raises 
costs. Restrictions on imaging time are such that it is often 
difficult to perform an optimum examination. Because MAVIN 
allows multiple imaging tasks to be accomplished with a single 
pulse sequence, a superior examination can be performed in 
much less time. Potential applications exist for studying vir- 
tually every organ system. Line cursors may be applied to 
any previously performed scan to select the images to be 
performed by the MAVIN sequence. The number of slices 
available depends on the ratio of repetition time to echo-delay 
time, as with other spin-echo pulse sequences. The amount 
of time required for a MAVIN sequence is the same as that 
required for a conventional spin-echo sequence with equiva- 
lent imaging parameters. 

The only disadvantage of this technique is that local 
changes in repetition time result in loss of signal at the 
intersection line of oblique scans. For this reason, the inter- 
section point should be placed outside the critical region of 
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Fig. 4.—A, Axial scout scan of normal 
knee approximately 2 cm superior to tibial 
plateau. Cursors demonstrate oblique 
course of anterior cruciate ligament (ar- 
row), while other cursors are in position 
to produce sagittal images of menisci. B, 
Oblique parasagittal image depicts ante- 
rior cruciate ligament as moderate-inten- 
sity band (arrow). 


interest. Trials are currently underway to further assess the 
Clinical utility of this promising new technique. 
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Optimal Pulsing Sequences 
for MR Contrast Agents 





Chelates of paramagnetic metals have been developed for use as contrast agents for 
MRI. Several such agents are cleared by biliary excretion and significantly reduce proton 
T1 and T2 of liver and bile. These influences on proton-relaxation rates also influence 
the choice of pulsing sequences. In studies on rabbits, with and without contrast agents, 
the influence of repetition time (TR) and echo-delay time (TE) are demonstrated. 
Excellent liver images were obtained with an imaging time of 20 sec using TR = 80 
msec, TE = 10 msec, and two excitations. The effects of such contrast agents are best 
imaged at short TR and short TE. 


MR contrast agents would be useful if they were safe and if they could effectively 
decrease imaging time, increase diagnostic specificity, and/or measure physiologic 
function. Some chelates of paramagnetic metals appear to have one or more of 
these attributes [1-8]. These agents decrease both proton T1 and proton T2 in 
their target tissues. Nearly all commercial MR devices use spin-echo sequences to 
detect the signals used for imaging and vary TR and TE in their pulsing sequences 
to obtain spin density-, T1-, or T2-weighted proton images. In general, MR images 
are signal-poor because the T1 process is relatively slow, and thus recovery of 
magnetization between pulses is incomplete. Signal is also lost to T2 decay during 
the echo-delay interval. Selecting an optimum pulsing sequence involves a trade- 
off between tissue contrast due to intrinsic differences between the T1 and T2 of 
the respective tissues and recoverable signal caused by the limitations of the 
imaging device. 

Most commercial devices have a minimum TE of 26-30 msec; with a tissue-T2 
of 50-100 msec, this means that a large amount of signal is lost—proportionate 
to e-=/"2__because of T2 decay. For example, tissue with T2 of 40 msec studied 
with a TE of 30 msec loses more than 50% of its signal intensity (e-°°° = 0.47) to 
T2 decay, whereas a tissue with T2 of 25 msec loses 70% of its signal intensity at 
the same TE (e °°5 = 0.30). This sets some practical limits because some other 
desirable choices such as shorter TR, fewer excitations, or small tissue-voxels also 
cause signal loss. With currently long TEs and the need for good spatial resolution, 
signal limits require long TR, and thus most disease is detected by imaging 
differences in T2. Although shorter TEs obviously provide more potential signal 
from tissues, it is not easy to obtain short echo times without an increase in noise 
at a concomitant decrease in echo sampling time. 

Contrast agents that shorten proton T1 in tissue will allow for more complete 
recovery between pulses, with more signal at a given repetition time, or will yield 
the same signal with shorter repetition times. If tissue T2 is also shortened, 
however, the contrast agent will reduce signal intensity at a given echo time. Since 
paramagnetic chelates affect both T1 and T2 [3, 9-13], we studied the impact of 
varying TR and TE upon signal intensity from rabbit liver before and after adminis- 
tration of a paramagnetic chelate that is an effective hepatobiliary MR contrast 
agent. 


368 WOLF ET AL. 





E 


Fig. 1.—Comparison images of rabbit liver unenhanced (left) and enhanced 
(right). For all images, TE was 10 msec and there were two excitations. TR 
was varied as follows: 80 msec (A), 100 msec (B), 280 msec (C), 400 msec 


Methods 


Male and female New Zealand rabbits weighting 1.8-2.2 kg were 
lightly anesthetized with 40 mg/kg ketamine and 5 mg/kg xylazine 
intramuscularly. MR images were obtained in an animal system 
operating at 1.4 T. This system uses a specially designed supercon- 
ducting system made by Oxford Instruments, Ltd., London, England. 
It has a 31-cm clear bore, a maximum field of 1.9 T, and a field 
homogeneity of 5 ppm over a region 15 cm in diameter. 

Most of the electronics and gradient coils are made by General 
Electric (Milwaukee, WI) in collaboration with one of the authors. We 
build our own radiofrequency coils that can be optimized for various 
animal sites and resonance frequencies. The pulse sequences are 
under computer control, which include a Data General (Westboro, 
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(D), 1000 msec (E), 1800 msec (F). The low-density structure in right posterior 
liver is from partial volume with an air-filled intestine: other Ow-density objects 
are flow voids. 


MA) S140 CPU and a Floating Point Systems (Portland, OR) AP120B 
array processor. In this way, arbitrary pulse sequences can be 
programmed, including arbitrary envelope functions, in both radiofre- 
quency power and gradient current. 

The electronics have been designed with a view toward achieving 
rapid switching of both the radiofrequency and gradient fields. The 
200-watt transmitter achieves 180° flips in less than 500 usec using 
our standard 15-cm diameter coil. The gradient amplifiers have a 
pulse power rating of 100 volts and 20 amps, which ean easily switch 
gradient currents in less than 300 usec. The gradient amplifiers 
employ negative feedback to assure that the programmed pulse 
shapes are actually achieved in the gradient fields. This system 
provides variable TR and TE with good signal-to-noise ratio when TE 
is as short as 10 msec. 
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The imaging technique that is usually used is a two-dimensional 
spin warp with reconstruction of a 128 x 128 matrix. To obtain these 
animal images, we used a pixel size of 1.2 mm and a slice thickness 
of 5 mm. At the time of these studies, only single-slice techniques 
were available. Images were interpolated to 256 x 256 pixels and 
displayed on a system identical to that used in the GE model 8800 
CT scanner. All pairs of images were displayed side by side and 
photographed with identical display parameters. 

The control rabbits (n = 2) were studied without further interven- 
tion. Experimental rabbits (n = 4) were studied from 10 to 70 min 
after IV injection of 20 u.M/kg of Gd-HIDA (Nyegaard, Oslo, Norway). 
We have previously shown that MR signal intensity of liver is en- 
hanced amd stable over this time frame in rabbits [4]. 

The experimental protocol produced images of liver in paired 
rabbits, with and without a contrast agent, with fixed TE = 10 msec, 
two excitations (one average), and variable TR at 80, 100, 280, 400, 
1000, or 1800 msec, respectively. We also performed paired experi- 
ments, with and without a contrast agent, with TR = 100 msec, eight 
excitations (four averages), and TE = 25 msec to simulate the more 
difficult problem of demonstrating the effects of MR contrast agents 
with longer echo times. Lastly, we compared short-TR, short-TE, 
images with eight excitations to increase signal-to-noise ratios in the 
control amimals vs the same pulse intervals (with two excitations) in 
the contrast-enhanced group. 

Quantitative methods of measuring signal-to-noise in MRI are 
controversial and were not attempted here. Instead, this study pre- 
sents comparison images in which machine parameters are held 
constant. Similarly, theoretical calculations based upon estimated T1 
and T2 use qualitative formulas, and the calculated results are 
presented as “relative signal intensity.” 


Results 


The images demonstrated striking liver enhancement with 
short TR and TE = 10 msec in those rabbits receiving the 
contrast agent (Fig. 1). As expected, in the control rabbits the 
short TR images were noisier and steadily improved in ap- 
pearance with longer TR. In the contrast-enhanced rabbits, 
the short liver T1 allowed more rapid recovery between 
pulses, with more signal and therefore more liver contrast 
(hence better images), when TR was short. The TR-80, TE- 
10, two-excitation, 128-matrix sequence is an imaging time 
of 20.5 sec (TR x excitations x matrix = imaging time). As 
TR was lengthened, the enhanced liver gave more signal, but 
the increment in signal was not directly proportional to the 
increase in TR and imaging time. This is, of course, due to 
the rate of recovery of magnetization, which affects signal 
approximately as 1 — e '*/"'. Because the enhanced liver had 
shorter T1, with each increment in TR the unenhanced liver 
gained more signal than the enhanced liver. When TR ap- 
proached 1800 msec, the T1 process was essentially com- 
plete in each liver, but the shorter T2 in the enhanced liver 
caused less signal to be detected owing to T2 decay, even 
with TE as short as 10 msec. This loss of signal due to T2 is 
approximately as e '*/"©. Table 1 emphasizes these relation- 
ships for reasonable estimates of liver proton-relaxation times 
under the conditions of these imaging experiments. The esti- 
mate of liver proton-relaxation rates used in the table is based 
on in vitro measurements at the same field and using the 
same dose of Gd HIDA. Under the conditions used for MRI, 
T2 measured in vivo is often somewhat shorter. 
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TABLE 1: Influence of Pulsing Parameters on Relative Signal 
Intensity’ 





Normal Liver? Enhanced Liver? 


(msec) Signal Signal Total Signal Signal Total 
Recovery Decay Signal Recovery Decay Signal 

80 0.14 0.78 0.11 0.32 0.67 0.21 
100 0.17 0.78 0.13 0.39 0.67 0.26 
280 0.42 0.78 0.32 0.75 0.67 0.50 
400 0.54 0.78 0.42 0.86 0.67 0.58 
1000 0.85 0.78 0.67 0.99 0.67 0.67 
1800 0.97 0.78 0.75 1.00 0.67 0.67 


a Signal intensity is approximately (1 — eye") where TE = 10 msec. Signal 
recovery is calculated using the first term and signal decay is calculated using the second 
term in this formula. 

>T1 = 520 msec, T2 = 40 msec. 

e T1 = 200, T2 = 25. 








Fig. 2.—Comparison images of rabbit liver unenhanced (left) and enhanced 
(right) with long TE. Pulsing parameters TR = 100 msec, TE = 25 msec, eight 
excitations (four averages). This can be compared with same TR but shorter 
TE and only two excitations in Fig. 1 to appreciate benefits of short TE imaging. 


When the TE was lengthened to 25 msec to simulate the 
TEs commonly available on clinical imagers, signal averaging 
was required to compensate for the loss of signal due to T2 
decay. Because contrast agents are used to shorten T1, 
short TR was used to obtain the benefits of selective enhance- 
ment of liver. Figure 2 shows the comparison between control 
rabbits and experimental rabbits. There is clearly contrast 
enhancement of the liver, but the enhancement is consider- 
ably less than at TR = 100, TE = 10, one average, and 
imaging time is four times longer because four averages were 
used. In this case, the short T1 of enhanced liver is still giving 
rapid recovery, but the enhanced liver has a shorter T2 and 
the echo signal is experiencing more decay at TE of 25 msec 
than at TE of 10 msec. Using the same tissue properties of 
control and enhanced liver, the importance of a short TE can 
be graphically depicted as shown in Figure 3. Figure 3 is 
based on simplified calculations using the assumed tissue T1 
and T2 values from Table 1. This figure would be modified by 
other assumed or actual values, by the inclusion of noise, and 
by the influence of biologic motion, which causes T2 under 
imaging conditions to be shorter than T2s measured in vitro 
[14]. If the contrast agent produces tissue changes as as- 
sumed in Table 1, then the image enhancement area (shaded 
in Fig. 3) is several-fold larger with TE = 10 than with more 
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Fig. 3.—Idealized curves showing relative signal intensity of enhanced vs 
unenhanced liver vs TR. A depicts small amount of additional signal attained 
with contrast agent when TE = 30 msec, while B shows much more favorable 
imaging characteristics with TE = 10 msec. At long TR, there is actually less 





Fig. 4—Comparison of attempts to increase signal-to-noise ratio on mod- 
erately T1-weighted imaging sequences. TR = 280 msec and TE = 10 msec 
for both images, but unenhanced liver (left) required four times as many 
excitations and an equally increased imaging time to approach conspicuity of 
enhanced liver (right) where good liver signals are obtained with only two 
excitations. 


common TEs of approximately 30 msec. The figure assumes 
that there is not a significant increase in noise with the shorter 
TE 

One of the major benefits of T1-weighted imaging is the 
short imaging time due to short TR. If one wanted to detect 
a pathologic process with somewhat longer T1 than liver, a 
T1-weighted image could be obtained, but such images are 
often objectionably noisy. Without contrast agents, the solu- 
tion is to conduct more averaging to increase signal-to-noise 
and to reduce motion artifact. However, more normal liver 
Signal could also be obtained by decreasing liver T1. An 
example of these two strategies is shown in Figure 4. The 
enhanced liver image is still a little noisy, but has very high 
contrast and is obtained in one-fourth the imaging time. Such 
an image probably has more diagnostic accuracy for detecting 
lesions with T1-weighted sequences. 
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signal from enhanced liver because of its shortened T2. Contrast-enhancement 
area is compared by planimetry of two shaded regions on original drawings at 
same magnification. 


Discussion 


Optimal imaging of tissues with MR requires careful consid- 
eration of instrument parameters (TR, TE, slice thickness, 
number of excitations) vs the tissue parameters responsible 
for tissue contrast (spin density, T1 or T2, difference between 
the tissues of interest). Since paramagnetic contrast agents 
are intended to be tissue-specific and affect tissue T1 and 
T2, it is reasonable to expect that instrument parameters will 
also affect imaging of contrast agents. Early workers ne- 
glected the influence of such agents on T2 [1], but actual 
experiments showed that such agents could cause enhance- 
ment at low dose but signal drop-out at high dose when 
pulsing parameters were constant [2, 7, 8]. This complex 
effect is due to the difference between signal-intensity re- 
sponse to T2 (as T2 shortens there is less signal intensity) 
and T1 (as T1 shortens there is more signal intensity). With 
the relatively long TEs of current devices, the T2 effects of 
contrast agents can significantly minimize the benefits of 
reducing tissue T1. Since most tissues have relatively short 
T2, and paramagnetic contrast agents change T1 only about 
20% more than T2 [3, 9-13], such long TEs “give away” 
many of the potentially useful effects of MR contrast agents. 

In this paper, we emphasize the benefits of short TE pulse 
sequences for imaging the tissue-specific effects of these 
agents. These sequences ircrease the sensitivity of the de- 
vice to the agent. This extra sensitivity can be used to 
decrease the required dose of the agent, to increase resolu- 
tion, or to decrease imaging time. The major benefit is the 
ability to use T1-weighted imaging sequences for diagnostic 
studies rather than the slow and noisy T2-weighted se- 
quences. 
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Radionuclide imaging Techniques. By Peter F. Sharp, Philip P. Dendy, and W. lan Keyes. London: Academic 


Press, 264 pp., 1985, $63.50 


This book is well organized into 10 chapters according to general 
subject matter: Physical Principles of In Vivo Imaging Systems, To- 
mography, Image Display, and Image Analysis. This single volume 
attempts to provide a guide to radionuclide-imaging theory, charac- 
teristics of current imaging equipment, and image quality evaluation, 

The scope of coverage attempts to be encyclopedic, but the depth 
of discussion is uneven. The chapters on image display, gamma 
camera, and data analysis are comprehensive, but the coverage of 
the other topics is at times superficial. Unfortunately, because of the 
usual inevitable publishing delays, it Is not an ideal reference for 
physicists already working in the field because it does not contain 
the most up-to-date Information. 

Physicists about to embark on a career in this area will find the 
discussion on the operating principles of gamma camera helpful, and 
the chapter on performance measurement of the gamma camera Is 
relatively Comprehensive and touches upon al critical areas. This 
chapter also contains an extensive list of references. The novice, 
however, may find the chapter on radionuclide tomography difficult 
to comprehend because of Its terseness. In addition, discussion on 


the performance evaluation of tomography fs somewhat vague. 

Although the authors discuss several Image-analysis procedures 
involving the use of the computer, they simply refer readers to a 
reference for the description of the hardware and software features 
of a typical nuclear medicine computer system. The computer is 
Indispensable for dynamic studies, tomography, image enhancement, 
and archival storage. Therefore, no discussion of nuclear medicine 
equipment can be considered complete without a description of the 
hardware and software features of a computer system, even super- 
ficially. Thus, the book falis short of its objective of providing a 
comprehensive guide to nuclear medicine-imaging equipment. Ironi- 
cally, | fee! the best chapter in this book Is Chapter 8 in which they 
describe many of the important data-processing techniques with the 
computer. 


Kal Lee 

Michael E. Siege! 

University of Southern California School of Medicine 
Los Angeles, CA, 90033 


Radiology Review Cards. By Andrew H. Cragg and Gunnar Lund. Thorofare, NJ: Slack, 1985. Four sets $99 


This series of Radiology Review Cards consists of four boxed sets 
of 3 x 5 flash cards, consisting of the pertinent clinical, pathologic, 
and radiologic facts about the myriad diseases that the radiologist 
encounters. The authors regard these cards as a supplement to the 
reading of major texts in radiology; however, they maintain that flash 
cards also constitute a time-proven method for remembering facts. 
Since the cards are compact, they are practical and can be carried 
with you for quick review. 

The four boxed sets cover abdominal, chest, head and spine, and 
Skeletal imaging. Each box includes approximately 400 cards com- 
plete with an index and spare blank cards (for your own additions) 
plus a group of question cards. The front side of all cards list the 


topic with the discussion on the back. Discussion Is brief and outlines 
the high points of the clinical and radiology findings. There are some 
Hlustrations in the form of line drawings. | feel there should have been 
more, but the reader can add his own as well as additional facts 
because there is sufficient space for this purpose. 

These cards are probably of greatest value to residents who want 
more detall in various topics for a pleasant leaming method and quick 
review. 


Leonard Goldberg 
Toronto M6R 2M2 
Ontario, Canada 
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Technical Considerations for 
the Use of Surface Coils in 
MRI 





The signal-to-noise response characteristics for two surface coils of different con- 
struction geometries (a single-turn planar coil and a single-turn saddle-shaped coil) 
were measured and compared with head and body coils. Measurements were made at 
different gradient magnifications (0, 20, 30, and 40%, relative to the head coil) and with 
different numbers of signal averages (3, 8, 12, and 18). The signal-to-noise curves were 
used to guide the selection of surface coils for use in clinical studies. This technique is 
useful in determining the optimal technique for specific clinical problems evaluated by 
surface-coil imaging. For the planar (flat) surface coils, the signal-to-noise per pixel was 
found to be superior to the conventional head coil at depths equal to or less than 5 cm. 
For the saddle coil, signal-to-noise per pixel was superior to the head coil for depths 
below 8.5 cm for magnifications up to 30%. For the 40% magnification, the depth at 
which the signal-to-noise was equal to the head coil decreased to about 6 cm. Surface 
coils have demonstrated a marked improvement in signal-to-noise relative to conven- 
tional head and body coils for superficial structures. 


MRI has made a significant impact in the imaging of spinal diseases [1-5]. 
Current state-of-the-art MRI using conventional general-purpose head and body 
coils has slightly inferior spatial resolution as compared with state-of-the-art CT 
scanners. However, at the expense of reducing the field of view, the spatial 
resolution with MR scanners can be significantly improved using surface-coil 
techniques. Specifically, surface coils have demonstrated improved spatial resolu- 
tion in evaluating ocular, orbital, and cranial nerve pathology [6-8]. Surface-coil 
imaging provides enhanced sensitivity for imaging tissues close to the coil face. 
Since a major component of coil noise is the noise generated by the body itself, 
the surface coil has decreased noise levels as a result of its decreased field of 
view. This resulting increase in signal-to-noise (S/N) allows improvement in spatial 
resolution by decreasing slice thickness as well as pixel size and, in effect, results 
in magnified images. Since the observed S/N decreases in relation to the distance 
from the coil surface as well as with magnification techniques, it is essential to 
know the characteristics of each surface coil in order to obtain adequate S/N for 
the different regions being imaged. 

We have used phantom studies to measure the characteristics for two receiver 
coils. The purpose is to demonstrate the gain in S/N over conventional head and 
body coils by using surface coils. Coil-response curves derived from phantom data 
are used in multiple clinical situations to aid in optimizing S/N and spatial resolution 
and to effectively enhance diagnostic acumen. 


Methods and Materials 


MRI was performed using a 0.5-T superconducting magnet (Technicare, Solon, OH). 
Routine head and body imaging was performed using radiofrequency coils that have equal 
sensitivity throughout their entire volumes except at the areas at the end and near the surface 
of the coil. The diameter of the head and body coils were 28 and 55 cm, respectively, and 
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the pixel size of 1 x 2 mm for a 256 x 128 acquisition image matrix 
was used with the head coil and 1.6 x 3.2 mm with the body coil. 
The surface-coil imaging was performed using a flat 12.5-cm diameter 
rectangle and a saddle receiver coil provided by the manufacturer. 
The larger diameter body coil was used as the transmitter for all 
smaller coils since this method preserves the relative uniformity of 
excitation found in routine imaging experiments [9]. 

A uniform cylindrical phantom constructed of lucite and filled with 
propylene glycol was used to measure S/N ratios for each coil. The 
Slice thickness was kept constant at 4 mm, and a multislice SE 38/ 
500 acquisition was used for all studies. The distance between the 
center of adjacent slices was set at 5 mm. Unless otherwise noted, 
all S/N measurements were made using the average of six acquisi- 
tions. The imaging times were constant for all coils used. For the 
saddle coil the imaging was performed both in the transverse and the 
Sagittal planes, because the sensitivity of the coil is different in these 
two planes depending on the location of the sensitive element in the 


TABLE 1: Pixel Size with Different Coils and Magnification 
Techniques 


——_——_>> 





radient : : rate - 

Coil Magnan es ct ad gral goo a Voxel Ratio 
Body 0 40.8 76° x32 ND 
Head 0 255 1 x 2 1 
Surface coil 0 25.5 1 x 2 1 

25 20.4 08 x 1.6 1.56 
30 19.7 0.77 x 1.54 1.68 
40 18.2 0.71 x 1.42 2.0 


Note.—ND = no data available. 





Fig. 1.—Multiple radiofrequency coils used to measure signal-to-noise ratio. 
Body (A) and head coil (B) are cylindrical with cylindrical sensitive volumes, 
whereas flat (C) and saddle (D) coils have more complex sensitive volumes. 
Sensitive elements of flat and saddle coils are shown as dotted lines in C and 
D. Signal-to-noise measurements were performed in vertical plane along line p 
for all coils. Saddie-coil measurements were also obtained in horizontal plane 
along line h. 


s. 
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coil. The same phantom was also used to determine changes in S/N 
ratios by changing the number of signal averages. Magnification was 
achieved by increasing gradient strength and thereby effectively 
reducing pixel size since the imaging matrix was kept constant at 
256 X 128. The percentage increase in the gradient strength over 
the “head” gradients will be referred as gradient magnification. Table 
1 shows pixel size with different coils and different magnification 
techniques. We feel that S/N per pixel is a more useful parameter for 
judging image quality than S/N per unit volume. However, if S/N per 
unit volume values are desired, one may multiply the S/N per pixel 
values by the voxel ratios in Table 1 to arrive at S/N per unit volume. 
Signal-to-noise measurements were performed and the S/N per pixel 
was defined as: 


S/N = signal — background/standard deviation of background, 


where “signal” is the mean intensity per pixel derived from a region 
of interest of at least 20 pixels located at various positions in the 
image of the uniform phantom. Background is the mean intensity per 
pixel derived from a region of interest chosen in air outside the 
uniform phantom yet still within the image field. Noise was defined to 
be equal to the standard deviation in the intensity values derived from 
the background region of interest. 

Graphs of S/N per pixel were plotted as a function of distance 
from the coil surfaces. A 3.0-cm offset from the surface was used to 
simulate most Clinical situations of offsets due to skin and subcuta- 
neous fat. Information derived from the phantom measurements was 
used in 37 patients who were examined with surface coils. Most of 
the imaging was performed for spine disease, but also included were 
internal auditory canal, knee, orbit, and wrist studies. In 23 patients 
the surface coils were used after the first MR evaluation using head 
or body coil. Fourteen patients were studied using only surface coil, 
since the area under evaluation was determined using clinical or 
previous radiographic investigations. 





DISTANCE (cm) 


Fig. 2.—Signal-to-noise per pixel as a function of distance using receiver 
coils of different geometries. Head and body coils have uniform signal-to-noise 
ratios throughout its sensitive volume. Flat and saddle coils have maximum 
signal-to-noise at their surface and subsequently drop with distance. Rate of 


drop depends upon specific geometry. As illustrated, saddle coil demonstrates 
slower drop in signal-to-noise ratio. 
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Fig. 3.—A significant drop in signal-to-noise ratio with different degrees of 
magnification using a flat coil was demonstrated. Signal-to-noise ratios obtained 
5 cm from surface with all magnification curves were higher than those obtained 
using head coil at same distance. 
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Fig. 5.—When signal-to-noise measurements are performed between sen- 
sitive elements of saddle coil, signal-to-noise ratio is fairly uniform with best 
sensitivity near sensitive elements (Fig. 1D, dotted line). Even with 30% 
magnification signal-to-noise curve is better than that obtained with head and 
body coils. 


Results 


The different radiofrequency coils used in these experi- 
ments are shown in Figure 1. The improved S/N per pixel of 
surface coils for superficial regions as compared with those 
of the head and body coils is documented (Fig. 2). Figure 3 
demonstrates the decrease in S/N per pixel with increased 
magnification for the flat single-turn planar coil. This is true 
because the physical size of the tissue region being repre- 
sented by the pixel (signal source) is getting smaller. A similar 
decrease in S/N as a function of depth is also noted using 
the saddle-shaped coil (Fig. 4) when measurements are made 
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Fig. 4.—Saddie coil also demonstrates a drop in signal-to-noise ratio with 
magnification. Signal-to-noise ratio, even with 30% gradient magnification, is 
better than head coil up to a distance of 8.5 cm from surface, while with 40% 
magnification saddie-coil signal-to-noise ratio matches that of head coil at 6 
cm. 
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Fig. 6.—Increase in signal-to-noise ratio with an increasing number of 
averages at 3, 6, and 9 cm from surface. 


along a line perpendicular to the coil face (line p, Fig. 1). When 
imaging is performed parallel (line h, Fig. 1D) to the saddle 
face (between the sensitive elements), a relatively constant 
S/N function is obtained (Fig. 5). The relative increase in S/N 
resulting from multiple signal averages (S/N vs number of 
averages) is also demonstrated (Fig. 6). 

Marked improvement in the detection of normal nerve roots 
in the internal auditory canal is demonstrated using the saddle 
coil when compared with the head coil (Fig. 7). The normal 
pixel size of the acquisition matrix with the body coil is 1.6 x 
3.2 mm whereas by using a 40% gradient magnification with 
the saddle coil, the pixel size decreased to 0.71 x 1.42.mm. 
qag 

=, ~ 
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Fig. 8.—Small left acoustic neuroma is shown (curved arrow) using 40% 
magnification and 3-mm slices (SE 38/600). Normal seventh (arrow) and eighth 
(arrowhead) nerves are demonstrated on right side. 


Although a 40% magnification will decrease pixel size, it will 
also decrease S/N ratio, necessitating an increase in the 
number of averages and hence prolonging imaging times. 
Since the decrease of S/N with depth for the saddle coil is 
not as rapid as for the flat coil, the relatively higher gradient 
magnification can be used to evaluate the internal auditory 
canal. This helps to resolve very thin structures such as the 
seventh and eighth cranial nerves in the internal auditory 
canal with a shorter overall scan time. Small acoustic neuro- 
mas can also be detected using the saddle coil (Fig. 8). The 
Cavitation in the cervical spinal cord seen in Figure 9 was 
demonstrated using the body coil. The surface-coil image 
demonstrated not only cavitation, but different signal from the 
cavity compared to cerebrospinal fluid, and marked enlarge- 
ment of the cord enabling the diagnosis of cystic glioma of 
the cord. Similarly, a 20% gradient magnification over head- 
coil gradients using a flat surface coil can improve the lesion 
characteristics when compared with images obtained using 
the body coil (Fig. 10). 


Discussion 


MRI has been useful in the diagnosis of spinal disease [1- 
5]. Although CT has better spatial resolution compared with 
MR using conventional receiver coils (i.e., head and body), 
the use of surface coils has demonstrated marked improve- 
ment in S/N for superficial structures and hence has permitted 
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Fig. 7.—A, Spin-echo image (SE 32/ 
3000) of normal seventh and eighth cra- 
nial nerves (arrow) using routine head coil. 
Slice thickness is 9 mm and pixel size of 
acquisition matrix is 1 x 2 mm. B, Im- 
proved signal-to-noise ratio obtained us- 
ing saddle coil (SE 45/2000) is utilized by 
decreasing slice thickness to 4 mm and 
pixel size of acquisition matrix to 0.7 x 
1.4. The seventh (arrow) and eighth (ar- 
rowhead) nerves are better identified as 
compared with A. 


pixel sizes to be reduced [6, 7]. This effectively improves 
spatial resolution and makes MRI a primary tool in the diag- 
nosis of multiple disease processes [6-8]. 

Currently, multiple surface coils of differemt geometries are 
being built. Some of the surface coils are organ specific. 
However, multiple surface coils can evaluate the same regions 
in the body. This necessitates the proper selection of the 
surface coil to be used. The pixel size can be decreased by 
increasing the gradient strength and ultimately improving 
Spatial resolution. Since the fall of S/N in relation to distance 
is different for different surface-coil geometries, as well as in 
different orientations of the same coil, it is essential to develop 
a method to determine the optimum coil and technique selec- 
tion. Some of the surface coils are limited because of their 
construction; for example, a small saddle coil cannot be used 
in lumbar, thoracic, or lower cervical spine studies. Almost all 
surface Coils will have excellent S/N at the coil surface or very 
near the surface (i.e., 1-4 cm). The choice of the coil will 
depend upon the coil-construction geometry, and the choice 
of magnification will depend upon the available S/N at that 
magnification. These advantages can be seen in the evalua- 
tion of the small structures such as the internal auditory canal, 
where saddle coil demonstrates better S/N at 30% magnifi- 
cation when compared with S/N obtained using routine head 
coil over its entire volume (Fig. 5). When using flat coil, 30% 
magnification, the S/N drops below the level of that obtained 
by routine head coil at approximately 4.6 cm from the surface 
(Fig. 3). Therefore, in the evaluation of the internal auditory 
canal, significantly higher S/N ratios can be obtained by using 
saddle coil when compared with flat coil. The advantages of 
the saddle coil are its geometric configuration and location of 
the area of interest (i.e., the internal auditory canal) to its 
sensitive elements. This increase in S/N can be used to obtain 
increased spatial resolution (i.e., magnification) with saddle 
coil without increasing imaging time. Therefore, although both 
coils can be used for the evaluation of the internal auditory 
canal, the saddle coil is a better choice. In addition, since 
S/N at higher magnification (i.e., 30%) with saddle coil is 
better than that obtained with head coil, the selection of 
higher magnification will provide improved spatial resolution. 
In most Clinical situations, the area of interest is further (4-10 
cm) from the surface, requiring proper coil selection and pixel 
size. The S/N reduced by decreasing pixel size can always 
be improved by increasing signal averages (Fig. 6), at the 
expense of increased imaging time. 
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Fig. 9 —A, Body-coil image (SE 32/500) of cervical spine demonstrates 
enlargement of cord with central cavitation due to syringomelia. Slice thickness 
is 10 mm and pixel size is 1.6 x 3.2. B, Saddle-coil image (SE 38/600) with 
40% magnification and 4-mm slice shows marked enlargement of cord with 
cystic changes (arrows) within. Saddle coil demonstrates difference in signal 


Fig. 10.—A, Body-coil image (SE 32/ 
500) in patient suspected of cord metas- 
tasis shows mild abnormality (arrow) in 
upper thoracic cord. Pixel size of acqui- 
sition matrix is 1.6 X 3.2 mm. B, Pixel 
size of 0.8 x 1.6 mm and slice thickness 
of 4 mm improves spatial resolution and 
decreases partial volume averaging, thus 
providing better delineation of lesion. 
Pulse sequence is SE 38/500. 


A 


The image S/N is improved through signal averaging by a 
reduction in the image noise, N. As with all sources of random 
noise, the noise level diminishes with the square root of the 
number of measurements and is directly related to the time. 
The S/N improvement will also be related to the square root 
of the acquisition time. For example, from a study with one 
measurement to a study with two measurements, we would 
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intensity of cerebrospinal fluid (arrowheads) with cystic changes in cord tumor. 
C, T2-weighted sequence (SE 96/2000) using flat surface coil demonstrates 
abnormally increased signal (arrows) within cystic portion of tumor compared 
with normal cerebrospinal fluid (arrowheads). 





expect to take twice as long to acquire the data but would 
realize only a square root of 2 or only an improvement of a 
factor of 1.414 in S/N. At some point the improvement in 
S/N will not be worth the excess time required to take the 
data. Increased imaging time will likely be necessary in eval- 
uating very small lesions (e.g., intracanalicular acoustic neu- 
roma); however, in many cases a lesser magnification without 
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additional averages could be adequate. 

In summary, the development of surface-coil technology 
will improve the spatial resolution and the diagnostic acumen 
with MR. As a wide variety of surface coils become available, 
it will be necessary to develop methods for proper surface- 
coil selection and proper imaging technique. The methods 
described above should be useful, and individual institutions 
should use them according to the MR systems and specific 
surface coils they possess. This will lead to improved clinical 
diagnosis and less patient discomfort. 
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Dynamic-Range 
Compression in Surface-Coil 
MRI 








The large dynamic range in signal intensity present in MR surface-coil images makes 
proper windowing and photography difficult. By removing the low-spatial frequency 
information caused by variations in surface-coil field intensity from the high-spatial 
frequency information containing the image data, a considerable compression of this 
dynamic range of signal intensity is possible. To accomplish this, a technique was 
implemented on a digital computer for use with MR surface-coil image data. The 
compression was done as a postprocessing option after the patient scan had been 
completed and therefore did not alter actual scan times. Although the image signal-to- 
noise was not altered, the ease of photography for most images was improved. Thus, 
digital dynamic-range compression is a practical technique to aid in surface-coil MRI 
studies. 


Initially used for in vivo phosphorus spectroscopy, planar surface coils have 
recently been applied to proton imaging, which results in a dramatic improvement 
in image quality for small, superficial structures over conventional coil types [1-8]. 
Surface coils have low noise and high sensitivity to nearby signals, which drop off 
rapidly beyond one radius from the coil center [9-10]. The rapid dropoff in signal 
with planar and other noncircumferential surface coils results in image-intensity 
variation, which makes proper windowing and photography difficult. To view regions 
from various parts of the field, two or more separately windowed images may be 
necessary to optimally display the proper signal intensities. 

The application of a nonlinear dynamic-range compression technique to improve 
the appearance and ease of surface-coil image display is described below. 


Methods 


A computer program was written to compress the dynamic range of surface-coil MR 
images after scanning was completed as a postprocessing function. Each image was rescaled 
logarithmically and then passed through a linear filter to reduce the multiplicative |low-spatial 
frequency terms introduced by the sensitivity function of the surface coils. 

The high-pass filter function was accomplished by calculating the difference between the 
Original image signal (So) and the low-pass filtered signal. This preserves the high spatial- 
frequency information that is important to the radiologist. After filtering, the signal is then 
exponentiated and the image reformed with compression of the intensity dynamic range. The 
final output image signal (S) is represented by the following relation: 

S = exp (log(So) — lowpass filter (log(So)) (1) 

Images were obtained on a 0.3-T permanent magnet imaging system (FONAR 8-3000, 
Melville, NY). A 2D-FT multislice spin-echo technique with a repetition time (TR) of 500 msec 
and an echo delay time (TE) of 28 msec was used. The images were acquired on either a 
256 x 256 or 512 x 512 matrix and displayed on a 512 x 512 image matrix. High-resolution 
image acquisition was possible with pixels as small as 0.375 mm. Slice thickness was 
variable down to 3 mm with an interslice gap of 2 mm. Four signal averages were generally 


380 LUFKIN ET AL. 


AJR:147, August 1986 





Fig. 1.—Comparison of signal detection of standard circumferential and 
planar coils applied to uniform 2.5-mM NiCI solution phantom. Curves are plots 
of signal intensity through midportion of phantom. All images are SE/500/28, 
axial, 4 mm thick, with 0.75 x 0.75-mm pixels obtained with four signal 
averages. Dynamic range of image intensity is shown (DR). A, Circumferential 
head coil (27 cm) shows moderate amount of noise (as indicated by mottled 
image appearance and irregular baseline plot), but shows fairly good deep- 
signal detection. A relatively narrow dynamic range is present. B, 14-cm planar 


used resulting in an imaging time of 8.5 min for seven slices with the 
standard 256 x 256 acquisition matrix. 

A uniform phantom filled with 2.5 mM NiCl (T1 = 460 msec at 0.3 
T) produces a consistently high signal using this pulse sequence (SE/ 
500/28). Normal volunteers and patients with disease were also 
scanned after giving informed consent. Various planar surface coils 
as well as conventional circumferential head and body coils were 
used with the phantom and normal volunteers. When used, surface 
coils functioned as receiver coils only. RF transmission was accom- 
plished through the standard body coil. 

The resulting images from both coil types were studied. Intensity 
plots across the image were made to display the dynamic range of 
Signal intensity before and after dynamic-range compression. 


Results 


- Typical signal-intensity dynamic ranges for the surface-coil 
phantom images were 11:1 and 1:1 in an image obtained with 
a circumferential coil (Fig. 1). After dynamic-range compres- 
sion, the surface-coil phantom image range was reduced to 
2.3:1. While the signal from deep structures increased, the 
noise was also increased proportionately. Effectively no net 
change in the signal-to-noise ratio occurred. Analysis ex- 
cludes the regions near the phantom edges, where the filter 
exhibits an unavoidable overshoot (Fig. 1). Over most of the 
phantom area, a dynamic-range compression by a factor of 
almost five was achieved. 

The wide dynamic range in clinical surface-coil images 
necessitated careful windowing or photography at several 
windows and levels in order to optimally display all the infor- 
mation in the image (Figs. 2A and 3A). After dynamic range 
compression, viewing or photography at multiple window 
settings was not necessary (Figs. 2B and 3B). 


Discussion 


Surface coils are a marked improvement over standard 
body and head coils for certain applications. Signal-to-noise 


Surface coil shows low noise and high superficial signal detection but rapid 
signal dropoff with increasing distance from coil surface. This results in a large- 
image dynamic range that makes appropriate windowing and photography 
difficult. C, Planar coil image B after signal intensity dynamic-range compres- 
sion. Dynamic range is considerably smaller. Although signal of deep structures 
was increased, so was noise for these regions. Therefore, no net change in 
signal-to-noise is apparent. Presence of excess edge brightness is due to lack 
of information about sensitivity function where signal is absent. 


in MR receiver coils is represented by the following relation: 


n X ((frequency)/ 


ae (a + bvfrequency + d x frequency*)), (2) 


where n is the filling factor of the coil and depends on the 
relationship of the patient to the coil. The second term rep- 
resents the coil-quality factor. a is proportional to the DC 
resistivity of the coil material (copper), b is proportional to the 
RF resistivity of the coil material, and d is dependent on coil 
loading by the patient. 

At the higher frequencies of 12.8 Mhz (0.3 T) and greater, 
which are currently used for imaging, the frequency-squared 
term (i.e., the effects of coil loading by the patient) dominates 
in the denominator of the quality-factor term (equation 2) and 
consequently determines the signal-to-noise in these coils. 
This is true for all coils whose design has been optimized 
such that the noise due to coil materials is minimized (Qempry 
> a T I 

Significant improvement in coil-loading-and-filling factor 
with surface coils over standard body coils results in markedly 
improved signal-to-noise and image quality and allows for 
production of thin sections and high-resolution images, which 
are essential for many applications. 

Planar and other noncircumferential surface coils have a 
marked loss of signal beyond one radius from the coil center 
[11, 12]. Dropoff in signal intensity limits the effectiveness of 
this coil when imaging deeper structures and results in a large 
dynamic range of intensity that is difficult to view with a single 
setting of window width and level. 

The compression technique is an example of homomorphic 
filtering, a broad class of signal-processing techniques for the 
reduction of dynamic range. Related methods have been used 
for some time in speech and seismic-wave analysis to sepa- 
rate multiplicative components of signals, as well as for image 
enhancement [13, 14]. 

Homomorphic filtering and unsharp masking are very simi- 
lar; however, homomorphic filtering operates on the log of the 
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Fig. 2.—Sagittal scan through normal 
lumbar spine using a planar spine surface 
coil. Imaging parameters were SE/500/ 
28, 4 mm thick, with 0.75 x 0.75-mm 
pixels obtainec with four signal averages. 
A, Windowed to demonstrate spinal canal 
(window level = 750, window width = 
1800). This region is optimally seen at 
expense of deeper and more superficial 
tissues. B, Same scan as A after image 
intensity dynamic-range compression 
(window level = 750, window width = 
1800). Now all depths of tissue are fairly 
well seen and may be evaluated or one 
image. 


Fig. 3.—Axial image through temporal 
bone obtainec using a planar surface coil 
(SE/500/28). A, Image with standard dis- 
play format shows high signal in region of 
mastoid air cells indicating otomastoiditis 
(arrow). A deeper abnormality is less ob- 
vious (arrowheads). B, Same image after 
dynamic-range compression brings up 
signal intensity of abnormality at margin 
of sensitivity of coil. Mass present in cli- 
vus (arrowheads) displaces ipsilateral ca- 
rotid artery anteriorly. Diagnosis was met- 
astatic adenocarcinoma. 


A 


image data. Therefore, whereas unsharp masking is a linear 
process, homomorphic filtering is nonlinear. 

Variation in signal with depth on surface-coil images is a 
low spatial-frequency sensitivity function that multiplies the 
desired signal. The important anatomic and morphologic clin- 
ical information in the signal is largely a high spatial frequency 
function. Therefore, if the low spatial-frequency intensity var- 
iation could be filtered out while preserving the high spatial 
frequency image information, the great variation in image 
intensity would be reduced. The logarithm of the image con- 
verts the product of two functions into the sum of their 
logarithms, which can be separated by a linear filter. Then, 
exponentiating the result yields the compressed image. 

The compression technique is a general process that works 
without having to specify the signal dropoff function of the 
surface coil. Of course, this function varies depending on the 
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size and shape of the particular surface coil used. The tech- 
nique is also digital and is therefore easily implemented on 
most computer systems; in fact, it is one of the few digital- 
image processing algorithms without a simple photographic 
analog. 

However, the dynamic-range compression method cannot 
compress all the way to the edge of an image because 
information regarding the sensitivity function is not available 
where there is no signal. While evident in the phantom images 
shown here, excess edge brightness does not seem to be a 
problem in compressed Clinical images. 
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Coagulation of Aneurysms 
by Direct Percutaneous 
Thrombin Injection 





We describe a new technique for clotting aneurysms by direct injection of diluted 
thrombin through a fine needle or cannula. The four patients treated had pseudoaneu- 
rysms of the iliac, femoral, and peroneal arteries, and a true aneurysm of an accessory 
hepatic artery. Five hundred to one thousand (500-1000) units of thrombin were injected 
into the aneurysmal sac only when there was blood stasis, either de novo or induced by 
occlusion of the feeding vessel. No significant complications ensued. 


Because of the danger of imminent rupture, large aneurysms of the aorta, iliacs, 
abdominal visceral, pulmonary, and cerebral arteries are treated surgically. In the 
last few years, techniques have been developed to occlude certain aneurysms by 
selective catheter embolization, especially in high-risk patients. Gelfoam (Upjohn, 
Kalamazoo, MI) and stainless steel coils [1], cyanoacrylate glue [2], and balloons 
[3] are commonly used to induce aneurysmal thrombosis. The success of these 
techniques depends on the ability to selectively catheterize the afferent artery to 
the aneurysm and to protect the efferent vessel and the tissue it supplies from the 
embolization. In the past 4 years we have evolved a new percutaneous approach 
for direct intraaneurysmal injection of thrombin, which has been used to induce 
thrombosis of aneurysms in cases in which either the aneurysm feeder could not 
be selectively reached or the aneurysm would not thrombose after occlusion of the 
afferent vessel. 


Case Reports and Techniques 
Case 1 


An 85-year-old man was admitted in August 1981 for preprosthetic training 3 months after 
his right leg was amputated above the knee. Both femoropopliteal bypass grafts were 
occluded. On examination, this obese patient was found to have a large pulsatile lower 
abdominal mass, tender to touch, which had not been observed on his previous admission. 
His blood pressure was 170/100 mm Hg; there was no palpable right femoral pulse. 
Hemoglobin was 9.1 g/dl and creatinine was 3.1 mg/dl. Aortography, performed from the left 
femoral artery, showed, besides a large abdominal aortic aneurysm and occlusion of the right 
common iliac artery, a huge pseudoaneurysm (7.5 cm by 12.5 cm) arising from the origin of 
the right common iliac artery (Fig. 1A). Because this type of aneurysm is prone to rupture 
suddenly and the patient was not a good surgical candidate, it was requested that it be 
thrombosed by catheter technique [4]. The orifice leading to the pseudoaneurysm could not 
be selectively catheterized. Under local anesthesia, a 20-gauge Teflon-sheathed needle was 
inserted percutaneously through the lower abdominal wall directly into the aneurysm, and the 
sheath was advanced well into the lumen (Fig. 1B). Five hundred U. S. (NIH) units of topical 
thrombin (Thrombostat, Parke-Davis, Morris Plains, NJ) dissolved in 0.5 m! saline were slowly 
injected with a tuberculin syringe. Immediate and total clotting of the pseudoaneurysm was 
demonstrated by injecting contrast medium through the sheath (Fig. 1C). No further pulsations 
were felt over the pelvic mass. The left common femoral pulse remained full. The patient had 
his right leg prosthesis fitted uneventfully and was discharged 3 weeks later. He died 112 
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Fig. 1.—A, Abdominal angiogram showing aortic aneurysm, large right iliac 
pseudoaneurysm, and occlusion of right iliac arteries. B, Pseudoaneurysm 
Opacified through percutaneous 20-gauge Teflon sheath. C, Partially opacified 
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years later from renal failure; there was no recurrence of pseudo- 
aneurysm. 


Case 2 


A 62-year-old man with Buerger's disease and multiple previous 
arterial grafts of his legs presented with a new pulsatile plum-sized 
mass over his left groin a few days after undergoing a repeat left 
femoropopliteal bypass graft. Arteriography showed a pseudoaneu- 
rysm with adjacent compression of the graft (Fig. 2A). Immediately 
after the angiographic run, the pseudoaneurysm burst with a pulsatile 
stream of blood welling up through the open suture line. Emergency 
manual compression of the left common femoral artery was applied. 
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thrombus (arrows) after injection of thrombin through transabdominal Teflon 
sheath. 


Fig. 2.—A, Pseudoaneurysm (arrows) of proxi- 
mal left femoropopliteal bypass graft. B, Occlusion 
of pseudoaneurysm and proximal graft by thrombin. 
Profunda branches show no emboli. 


Under fluoroscopic localization, a 21-gauge hypodermic needle was 
advanced into the aneurysmal sac and 1000 units of thrombin in 10 
ml saline were slowly injected. Prompt occlusion of the aneurysm 
was verified on repeat angiography (Fig. 2B). Despite the presence 
of minor clots in some profunda branches, there was no observable 
vascular compromise of the limb. The patient was taken to surgery 
for vascular repair in a stable condition. 


Case 3 


An 18-year-old man presented with an enlarging tender mass of 
the left calf 1 month after suffering a deep laceration in that area, 
which had required surgery to control the bleeding. Angiography 


ar 


AJR:147, August 1986 


Fig. 3.—A, Traumatic pseudoaneurysm of left 
midperoneal artery. B, Despite Gelfoam and stain- 
less-steel-coil embolization (arrow), there is reflux 
filling of aneupysm. C, Occlusion of lesion after 
direct intraaneurysmal injection of thrombin. The 
posterior tibial artery is in spasm. 


revealed a pseudoaneurysm of the midperoneal artery (Fig. 3A). The 
surgeon requested that this be embolized. Gelfoam particles and two 
3-mm Gianturco coils (Cook, Inc., Bloomington, IN) were used to 
occlude the aneurysm and the adjacent proximal and distal part of 
the peronealartery through a subselective catheter. Follow-up arte- 
riography the next day, however, showed that the aneurysm was still 
being filled by retrograde flow from the tibial vessels through the 
distal peroneal artery (Fig. 3B). Under fluoroscopy, the aneurysm was 
punctured directly using a 22-gauge needle, and 1000 units of dilute 
thrombin solution were injected slowly. The final arteriogram showed 
complete occlusion of the pseudoaneurysm (Fig. 3C). Ankle pulse 
remained intact, and there was no evidence of peripheral embolization 
to the foot. The patient was discharged 3 days later with no symptoms 
or signs of aneurysm. He was lost to follow-up. 


Case 4 


An 85-year-old woman presented with severe bleeding through 
and around a 14-French Cope transhepatic biliary drain. The catheter 
had been inserted 6 weeks before for treatment of a malignant 
common duet obstruction, at which time no significant bleeding had 
occurred. Arieriography showec a questionable bleeding point in the 
vicinity of a segmented hepatic artery crossing the drain; this was 
embolized with Gelfoam. In addition, a 2-cm aneurysm of the acces- 
sory hepatic-artery in close association to the common bile duct was 
a potential source of bleeding (Fig. 4A). Occlusion of the proximal 
accessory hepatic artery and its aneurysm was performed by using 
a combination of Gelfoam and a 3-mm Gianturco coil. A repeat 
angiogram the next day showed, however, that the artery and its 
aneurysm were still patent, although the flow was quite slow (Fig. 
4B). Under fiuoroscopic guidance and local anesthesia, a 22-gauge 
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needle was inserted transabdominally into the aneurysm, and 1-2 ml 
of thrombin solution (100 units/ml) were slowly injected at 2-3 min 
intervals until there was thrombosis as determined by local injection 
of contrast medium and repeat angiography (Fig. 4C). A total of 1000 
units of thrombin was used. There was no significant deterioration of 
liver function and no further bleeding, but the patient died suddenly 
5 days later after a grand mal seizure. 


Discussion 


Although thrombin is not commonly used in vascular inter- 
ventions because of its potential for causing vascular throm- 
bosis of distal vital organs, it has nevertheless been admin- 
istered in humans for many years by interventional radiologists 
and surgeons to accelerate clotting in areas of vascular stasis. 
It is either used directly or soaked in Gelfoam particles or 
Gianturco coils [5-6]. Intravascular thrombin has been used 
judiciously in this manner for the past 10 years in over 30 
patients without untoward thrombotic or allergic manifesta- 
tions. 

To better explain the action of thrombin, we summarize 
here the factors affecting thrombin formation and the effects 
of thrombin injection in animals [7-8]. 

Fibrin molecules, after being split off by the enzymatic 
action of thrombin from fibrinogen, connect and polymerize 
into long fibrin strands, which are in a sol-gel dynamic equilib- 
rium. In conditions of normal blood flow, plasma-clotting fac- 
tors activated by minimal endothelial trauma are removed as 
fast as they are formed to be neutralized in the circulation by 
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Fig. 4.—A, Large aneurysm (arrow) of accessory hepatic artery in proximity 
to common-bile-duct drain. B, 24 hr after Gelfoam and coil embolization (black 
arrow), there is continued opacification of hepatic aneurysm (white arrow). 


thrombolytic agents or inactivated in the liver and replaced by 
inactive precursors and circulating inhibitors. Physical removal 
of thrombin by a swift stream of blood then limits the exten- 
sion of the thrombus by reducing thrombin concentration and 
thus preventing the formation of fibrin mesh and its stabiliza- 
tion to an insoluble state by factor XIII and calcium. When 
there is blood stasis, on the other hand—as in vascular 
aneurysm, stenosis, or occlusion—the reverse is true, with 
significant and stable thrombosis occurring, especially if co- 
agulant factors are added [9]. In vitro, a U. S. (NIH) unit of 
thrombin is defined as the amount required to clot 1 ml of 
standardized fibrinogen solution (100 mg/dl) in 15 sec. 

The IV infusion of thrombin at a dose rate of 5 units/kg/ 
min in rats [10], rabbits [11], dogs [12], and sheep [13] for 
10-15 min leads only to minor clinicopathologic effects. These 
are limited to a moderate drop in fibrinogen concentration and 
platelet count and to some increase in pulmonary vascular 
permeability [13]. Severe symptoms of disseminated intravas- 
cular coagulation consisting of bleeding, pulmonary edema, 
ECG changes, and renal and liver abnormalities are seen only 
when the infusion is continued for 60 min, especially with the 
addition of antifibrinolytic drugs [14]. Radioactive studies of 
thrombin in rabbits indicate that when it is injected in the aorta 
it is trapped in capillary beds in proportion to the organ blood 
flow, which suggests that it is inactivated by antithrombin III 
and removed by the liver [15]. Therefore, the slow infusion of 
thrombin probably results in the incomplete polymerization of 
fibrin, which then circulates in the form of soluble polymers 
or fibrinogen-fibrin complexes that do not significantly occlude 
vital organ capillary beds. The capillary fibrin plugs that are 
formed are rapidly dissolved by circulating plasmin and tissue 
plasminogen activator, which are released in the presence of 
anoxia. 

We have described the clinical presentation of four aneu- 


AJR:147, August 1986 


Arrowheads point to large gallstones. C, Opacified thrombus (straight arrow) 
after coagulation of aneurysm by percutaneous-needle thrombin. Proximal 
accessory hepatic artery is now occluded. 


rysms that were successfully and safely thrombosed by direct 
percutaneous injection of thrombin because of the failure of 
standard techniques. In cases 3 and 4, the feeding artery to 
the aneurysm could be selectively catheterized in order to 
occlude it with a combination of Gelfoam and a coil, but 
thrombosis did not occur because of active retrograde flow 
despite initial occlusion of the vessel proximal and distal to 
the aneurysm. In case 1 the orifice of the huge pseudoaneu- 
rysm could not be catheterized, and in case 2 thrombin was 
injected on an emergency basis because of aneurysmal rup- 
ture. The thrombin dosage for occlusion in all cases was 500- 
1000 U. S. (NIH) units given slowly over 3-5 min. Since the 
clotting time is related to thrombin concentration, the total 
dosage administered could possibly have been reduced in 
cases 2, 3, and 4 if the thrombin concentration had been 
raised from 100 units/ml to 500 units/ml. The immediate 
success of the thrombin injection depends on its concentra- 
tion and on the degree of stasis within the aneurysm, as 
evidenced by case 1, in which there was instant thrombosis 
despite the large volume of blood to be clotted. Proportion- 
ately, a much higher quantity of thrombin was required to clot 
the other three small aneurysms because of the residual 
intraluminal slow flow, which was presumably further diluting 
the thrombin concentration. Despite the escape of thrombin 
and fibrin complexes downstream from the aneurysm, into 
the foot in case 3 and into the liver in case 4, no evidence of 
ischemia of the lower limb or abnormal liver function tests 
were noted, confirming that fibrin thrombi are promptly lysed 
and that excess thrombin is inactivated. 

Aneurysms can be thrombosed by selectively injecting Gel- 
foam and Gianturco coils [1], Bucrylate glue [2], or detachable 
balloons [3] by catheter techniques in three different ways: 
(1) Occluding the feeding artery or the opening of the aneu- 
rysm. This is the simplest and most effective way, especially 
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in end arteries, which do not have a good backflow. (2) 
Occluding the efferent vessel and allowing the aneurysm to 
thrombose in a retrograde manner [16]. Occasionally both 
the afferent and efferent vessel can be occluded. (3) Obliter- 
ating the aneurysmal sac directly. This technique is only 
applicable if the mouth of the aneurysm is amenable to 
selective catheterization for injection of coils and Gelfoam 
[17], glue [18], balloons [19], or wires [20]. 

We now add a fourth technique, that of aneurysmal throm- 
bosis by direct percutaneous needle injection of thrombin, 
which is recommended when the other approaches are tech- 
nically unfeasible or in an emergent situation. Some practi- 
tioners might prefer to use glue over thrombin in these cases. 
Bucrylate glue, however, is still an investigational drug that is 
not readily available, is difficult to administer safely without 
experience, and may have long-term undesirable effects. 
Moreover, if some of it escapes peripherally via an efferent 
vessel it can cause necrosis or infarction of a distal part. 
Thrombin, on the other hand, is a physiologic clotting agent 
that is promptly degraded by the body. When used in small 
doses it is most potent in coagulating stagnant blood within 
aneurysms and yet will not clinically affect the distal vascular 
beds if some of it escapes downstream. We have not noted 
any untoward effects when diluted thrombin is administered 
intraaneurysmally in small increments at 1-2 min intervals to 
a maximum total dose of 1000 units, under conditions of slow 
flow. Although thrombin is a beef extract, we have not ob- 
served any allergic reactions to it over the past 10 years, 
probably because most of it becomes immediately incorpo- 
rated and denatured within the stasis clot. 
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Treatment of Angioplasty-Related Iliac-Artery Rupture 
Without Bypass Surgery (Case Report) 


Jose Villarica' and Richard C. Gross* ° 


Rupture of an iliac artery during angioplasty is a rare but 
potentially devastating occurrence. Recent articles have de- 
scribed treatment of this complication by occlusion of the 
affected iliac artery and bypass grafting [1, 2]. We present a 
case in which iliac rupture was treated with thromboendarter- 
ectomy and a simple angioplasty patch graft, with good 
results. 


Case Report 


A 65-year-old woman was studied angiographically for symptoms 
of bilateral claudication. Aortogram and lower-extremity angiogram 
showed extensive arteriosclerotic disease of both common and ex- 
ternal iliac arteries with a high-grade stenosis at the origin of the right 
iliac artery. This was severe enough that the external iliac artery was 
occluded by the presence of a 6-French catheter through the stenosis 
(Fig. 1A). Subsequent injection into the external iliac artery showed 
that the external iliac artery was patent although generally stenotic 
(Fig. 1B). 

The patient was subsequently returned to the angiographic suite 
for bilateral iliac-artery angioplasties. Heparin (5000 units) was given 
intrarterially before the dilatation. Bilateral femoral artery catheteri- 
zations were performed. On each side, a 9-French polyethylene 
balloon dilatation catheter was introduced (maximum balloon diame- 
ter, 8 mm and balloon length, 3 cm [Cook, Bloomington, IN]). Because 
of the high-grade nature of the stenosis at the origin of the right 
external iliac artery, this lesion was done last. Injection of contrast 
material before the dilatation of the right external iliac-artery orifice 
lesion showed no extravasation of contrast material and a satisfactory 
appearance of the initial dilatations. The angioplasty catheter was 
then inflated at the level of the high-grade lesion. A concentric 
deformity of the dilatation balloon was observed; the deformity ab- 
ruptly resolved, although the balloon did not rupture. At this point, 
the patient complained of moderate pain in the right pelvis and right 
hip. The catheter was subsequently withdrawn to a point slightly 
distal to the point of dilatation, and contrast material was injected. 
Fluoroscopically, extravasation of contrast media was observed at 
the level of the common-iliac-artery bifurcation. The angioplasty cath- 
eter was advanced proximal to the rupture and gently reinflated. 
Once again, contrast material was injected, but no further extrava- 
sation was observed. The patient was then transferred to the oper- 
ating room. 


Received October 7, 1985; accepted after revision April 6, 1986. 


The lesion was approached by an inguinal incision, amd a retroper- 
itoneal dissection was performed. The angioplasty catheter was 
maintained in its inflated state until the iliac bifurcation was mobilized. 
A 2-cm laceration was identified immediately by the purplish discol- 
oration of the arterial wall. Before placing the arterial clamp on the 
common iliac artery, the catheter was deflated and the laceration 
was again defined by the spurt of blood. Thromboendarterectomy 
was performed, arteriosclerotic plaque was removed, and the vessel 
rupture was closed with a Gortex patch graft (W. L. Gore, Flagstaff, 
AZ) and 5-0 arterial suture. The postoperative course was uneventful 
and the patient was discharged on the first postoperative day. She 
continues to do well and has good peripheral pulses 2 years after 


surgery. 


Discussion 


Rupture of an iliac vessel is an uncommon but potentially 
lethal complication requiring immediate intervention to avoid 





Fig. 1.—A, lliac-artery angiogram (left posterior oblique projection) shows a 
6-French catheter occluding external iliac artery at its origin (arrow). B, Anter- 
oposterior view made with hand injection shows patency of external iliac artery 
with diffuse arteriosclerotic change. Catheter tip is in external iliac artery. 
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exsanguination [3]. There are few references detailing the 
management of such ruptures, and only three such cases 
have been described in the literature [1, 2]. In one case, the 
iliac artery was occluded with a nonangioplastic balloon oc- 
Clusion catheter, the affected iliac artery was subsequently 
ligated, and a bypass was performed [1]. The other paper, 
describing two cases, recommends coil embolization of the 
ruptured vessel with extraanatomic bypass [2]. Our case was 
managed by simple occlusion of the iliac artery at the level of 
the rupture by an inflated angioplasty catheter and subse- 
quent surgical thromboendarterectomy and patch angio- 
plasty. 

We think that our approach has several advantages. Blood 
loss is minimized, because the point of extravasation is 
quickly occluded by the reinflated angioplasty catheter. If the 
balloon and vessel rupture at the same time, the balloon could 
rapidly be exchanged for one that is intact [4]. Complete 
occlusion of the iliac system should be readily accomplished 
by this method. If the catheter cannot be readvanced, or if 
complete occlusion of the laceration is not obtained, a second 
occlusion catheter could be placed via a contralateral femoral 
artery puncture and “up-and-over” catheterization of the origin 
of the lacerated iliac-artery system. A retroperitoneal dissec- 
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tion with patch angioplasty is a briefer and less traumatic 
procedure than surgical bypass, particularly if the bypass is 
combined with iliac-artery ligation. In addition, our method 
preserves the native circulation and avoids the risk of distal 
migration of embolization coils, which cam occur when such 
devices are used in large vessels [5]. 
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Apparent Arterial Occlusion Due to Pneumatic Antishock 
Garment: Pitfall in Trauma Angiography (Case Report) 


Steven S. Morse,’ Edward B. Strauss,’ and Bauer E. Sumpio? 


A variety of external pneumatic pressure garments are used 
in the treatment of hypovolemic hypotension, especially in the 
prehospital management of major trauma [1, 2]. Circumfer- 
ential pressure of 104 mm Hg is applied to the pelvis and 
lower extremities with the use of these devices. We describe 
a patient in whom an inflated pneumatic antishock garment 
(PASG) created an artifactual, total occlusion of the superficial 
femoral artery at preoperative angiography. 


Case Report 


A 60-year-old male pedestrian was struck by a high-speed motor 
vehicle. A PASG was applied at the scene to help maintain blood 
pressure. 

Preoperative assessment disclosed cerebral contusion, multiple 
bilateral rib fractures, cardiac and pulmonary contusions, and multiple 
extremity fractures. Open, comminuted fractures of the right tibia and 
fibula were present, with no palpable or Doppler pulses distal to the 
right femoral pulse. The right foot was anesthetic with motor deficit 
and described as “cadaveric.” Blood pressure was 120/70 mm Hg, 
but fell to 50 mm Hg systolic when deflation of the PASG was 
attempted. 

Thoracic aortography was normal. Right femoral arteriography with 
the PASG inflated disclosed apparent total occlusion of the right 
superficial femoral artery (Fig. 1). No distal reconstitution was seen, 
despite prolonged filming with karge-volume contrast injection. 

At surgery, the PASG was removed after being inflated for 6 hr, 
and the right groin was explored. Atherosclerotic mural thickening of 
the common and superficial femoral arteries and an unexpected 
superficial femoral artery pulse were palpated. Intraoperative arteri- 
ography showed patency of the superficial femoral artery to the 
adductor canal level, with reconstitution of the above-knee popliteal 
artery via sparse deep femoral and bridging collaterals (Fig. 2). 
Exploration of the distal posterior tibial artery revealed severe athero- 
sclerotic disease, and vascular reconstruction across the contami- 
nated open fracture site was deferred. Below-knee amputation was 
performed. 


Discussion 


Pneumatic antishock garments (PASG) can elevate blood 
pressure by artificially increasing peripheral resistance, redis- 


tributing circulating volume, and tamponading hemorrhage [1, 
2]. Despite an impressive safety record when properly used, 
lower-extremity ischemia may complicate use of PASG, es- 





Fig. 1.—Intraarterial digital subtraction arteriogram, right thigh. Pneumatic 
antishock garment inflated. Common femoral artery (arrow) and profunda 
femoris artery (arrowhead) are patent. Superficial femoral artery appears to be 
occluded at its origin. No distal reconstitution was seen. 
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Fig. 2.—Intraoperative arteriogram, 
right thigh. Pneumatic antishock garment 
deflated. Proximal superficial femoral ar- 
tery is now seen to be patent with a distal 
level of occlusion (arrow). Reconstituted 
popliteal artery is also seen (arrowhead). 
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pecially in the presence of fractures [3, 4]. Experimental 
Studies of circumferential pneumatic compression indicate 
that digital perfusion is severely compromised at PASG pres- 
sures, especially in claudicant limbs [5]. 

In this patient, a preexisting short-segment occlusion of the 
distal superficial femoral artery may have made it more sus- 
ceptible to occlusion by compression. Had the apparent total 
occlusion been confirmed at surgery, an above-knee ampu- 
tation might have been performed. The decision to amputate 
at the below-knee level, although influenced by many factors, 
was supported by the actual patency of the superficial femoral 
artery (Fig. 2). 

If a PASG is in place, lower-extremity arteriography should 
be performed with the garment deflated whenever possible. 
If the procedure is performed with an inflated PASG, results 
should be interpreted accordingly. 
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Intercostal-Space 
Nephrostomy for 
Percutaneous Stone 
Removal 





Intercostal-space nephrostomies were created in 50 kidneys for removal of 17 stag- 
horn, 9 calyceal, and 24 ureteral calculi. Complications were encountered in six [12%] 
of 50 patients. These included large pleural effusions in four patients and hydrepneu- 
mothoraces in two patients. Four patients (8%) had chest tubes placed. The intercostal 
approach provides direct, straight access to both upper-pole and ureteral calculi as well 
as to the major portion of most staghorn calculi. Although the morbidity rate is slightly 
higher than for the more traditional approach via the subcostal lower pole or middle 
calyx complications generally can be avoided by using a working sheath and placing a 
large nephrostomy tube after the procedure. 


Successful percutaneous removal of renal and ureteral calculi requires accurate 
placement of a nephrostomy tract to provide direct access for stone manipulation. 
In general, a subcostal approach has been preferred to avoid potential damage to 
the lung or pleura [1-4]. We have found that this subcostal route may fail to provide 
optimal access to the collecting system, however, particularly for the removal of 
ureteral and staghorn calculi. 

Recently, the intercostal approach to percutaneous stone removal has been 
described and was shown to be valuable in certain situations [4]. We report our 
experience with this technique and describe its advantages and complications. 


Methods and Materials 


Between August 1984 and October 1985 we performed percutaneous neparolithotony on 
a total of 154 patients. Fifty nephrostomies were created between the 11th and 12th ribs in 
48 of these patients. The patients ranged in age from 21 to 83 years (mean, 52 years). In the 
50 kidneys there were 17 staghorn, nine calyceal, and 24 ureteral calculi (Table 1). Ten 
patients had multiple stones in the same kidney and were categorized by thetocation of the 
stone that required the intercostal nephrostomy. 

Our technique for percutaneous nephrolithotony has been described previously [2]. Various 
types of anesthetics are used depending on the clinical situation and the patients’ wishes 
(general, 10; epidural, 22; local, 18). In most cases, percutaneous nephrostomy and nephro- 
lithotony are performed in a single session in either the Radiology Department or the 
cystoscopy suite. The Radiology Department is equipped with a conventional C-arm fluoros- 
copy unit, and in the cystoscopy suite, an angling fluoroscopy beam is usec. The calyx or 
infundibulum to be punctured is localized by injecting 5-10 cm? of room air or 5-10 ml of 
contrast agent through a retrograde catheter that has been placed earlier by the urologist. 
An appropriate skin site is selected in the middle of the 11th-12th intercostal space, 1-2 cm 
cephalad to the upper-pole calyx. We attempt to puncture an upper-pole calyx rather than 
the infundibulum to avoid damaging the posterior division of the renal artery, which crosses 
the posterior aspect of the upper-pole infundibulum [1]. The skin site is alignec witn the calyx 
to be punctured by angling the fluoroscopy beam, rolling the patient, or both. 

Puncture is made with an 18-gauge needle with the X-ray beam angled parallel to the 
needle path. After passage of a guidewire, the tract is dilated to 14 French. A 5-French safety 
catheter is passed over a second guidewire positioned in the distal ureter. The tract is then 
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TABLE 1: Distribution of Calculi 
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Staghorn 1 
Complete 
>3 branches 
2 branches 

Calyceal 
Lower 
Middle 
Upper 

Ureteral 
Ureteropelvic junction (upper) 
Middle 11 
Lower 1 


— N 
wy + 


Note.—Patients with multiple calculi in the same kidney (10) are categorized by the 
calculus for which an intercostal nephrostomy was performed. 


dilated to 36 French with a high-pressure balloon catheter (American 
Edwards, Santa Ana, CA) and a 34-French Teflon sheath (Amplatz- 
Cook, Inc., Bloomington, IN) is placed into the collecting system. 

Stone manipulation and removal is performed using a combination 
of flexible and rigid nephroscopy instruments. Ultrasonic lithotripsy is 
performed for larger calculi that cannot be removed intact. At the 
conclusion of the procedure, a 22-French end-hole balloon catheter 
(Councill-C. R. Bard, Inc., Raleigh, NC) is passed over the safety 
catheter until its tip is in the renal pelvis. The balloon is inflated with 
1-2 ml of saline solution and the guidewires are removed. 

All patients who have had intercostal nephrostomies performed 
have a expiratory chest radiograph taken in an erect position on a 
portable machine in the recovery room. Routine follow-up consists of 
plain-film tomograms of the kidney and contrast injection through the 
nephrostomy tube on the second postoperative day. 


Results 


Nonstaghorn calculi were found in 33 patients (nine caly- 
ceal, 24 ureteral) (Table 1). Ten of these patients had multiple 
calculi. In 31 of the 33 patients with nonstaghorn calculi, the 
intercostal nephrostomy tract was the only access to the 
collecting system necessary. In two patients, however, both 
of whom had multiple stones, a second nephrostomy was 
needed. In both cases, the additional subcostal nephrostomy 
was required to remove a remaining middle calyceal stone 
that could not be reached by the upper-pole approach. The 
remaining eight patients with multiple stones were treated 
entirely via the intercostal nephrostomy site. 

Of the 33 patients with nonstaghorn calculi, six required 
two sessions to remove all stone fragments. All 33 patients 
were free of stones at discharge. The length of hospitalization 
for patients with nonstaghorn calculi ranged from four to 14 
days (mean, 7.4 days). 

Seventeen staghorn calculi were removed. Nine of these 
17 required a single intercostal upper-pole nephrostomy, five 
calculi required a second nephrostomy (four middle calyx; one 
lower calyx), and three required three separate nephrostomy 
tracts. 

The number of sessions required for the removal of the 
staghorn calculi ranged from one to six (mean, 2.5). Five 
kidneys had residual stones at discharge. Two patients had 
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small, 1-mm calcified flecks seen only on follow-up CT scans. 
Moderate residual calculi were seen in three kidneys (one 
patient with bilateral staghorn calculi). These patients were to 
be readmitted at a later time for extracorporeal shock-wave 
lithotripsy when it became available. The length of hospitali- 
zation for patients with staghorn calculi ranged from 4 to 20 
days (mean, 12 days). 

Chest radiographs were obtained on all patients after the 
procedure. Minimal costophrenic angle blunting and/or mini- 
mal atelectasis were seen in 10 patients but were not consid- 
ered significant. Six patients (12%) had significant findings: 
moderate to large pleural effusion (four patients) or hydro- 
pneumothoraces (two patients). All six had punctures into 
upper-pole calyces, and three of the six had staghorn calculi 
removed. 

Both hydropneumothoraces were seen in the same patient 
with bilateral staghorn calculi. This patient developed a large 
asymptomatic hydropneumothorax on the left side after inter- 
costal-space nephrostomy and ultrasonic lithotripsy. This was 
treated conservatively and resolved over 4 days. Seven days 
later, the patient returned for additional ultrasonic lithotripsy 
and stone removal on the right kidney via a previously placed 
intercostal tract. At that time, we did not place a working 
sheath. Part-way into the procedure, air could be heard 
entering the tract. A sheath was placed and the procedure 
was completed rapidly. The patient complained of shortness 
of breath in the recovery room, and a chest radiograph 
showed a large right hydropneumothorax. A chest tube was 
placed, with subsequent relief of symptoms. 

Moderate to large pleural effusions were noted in four 
patients, three of whom had chest tubes placed. The first of 
these three patients received no nephrostomy tube at the 
conclusion of an uncomplicated stone removal. The postpro- 
cedural chest radiograph showed a large pleural effusion. The 
next day, thoracentesis produced 1300 mi of yellow-colored 
fluid with a creatinine concentration of 6.2 mg/dl. This uro- 
thorax reaccumulated the next day, and a chest tube was 
placed. During the subsequent 12 hrs, drainage totaled 1200 
ml and then ceased. A second patient developed a moderate- 
sized pleural effusion after stone removal via an intercostal 
tract. This patient complained of mild shortness of breath 
several hours later and had a chest tube placed with drainage 
of 300 ml of slightly blood-tinged fluid. The effusion did not 
reaccumulate. The third patient who had chest tube place- 
ment was febrile to 38.8°C 7 days after stone removal. This 
patient had a persistent moderate-sized pleural effusion that 
appeared loculated on lateral chest radiographs. A chest tube 
was placed and 300 ml of sterile straw-colored fluid drained, 
with no reaccumulation. In retrospect, these latter two pa- 
tients both could have been managed adequately by thora- 
centesis alone, rather than by formal chest-tube placement. 

No problems were encountered with either catheter dis- 
lodgment or visceral (spleen, liver, or bowel) laceration. 


Discussion 


The success of percutaneous stone removal depends di- 
rectly on obtaining optimal access to the collecting system. 
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Fig. 1.—Sagittal section of kidney. Direction of 
force (arrows) into kidney from lower-pole approach 
is up into renal pelvis rather than down ureter (A). 
This can result in buckling of flexible nephroscope 
in renal pelvis and make it difficult to advance 
instrument distally in ureter. Upper-pole approach 
provides straighter access to ureter (B). 


Stones in the renal pelvis, as well as those in lower and middle 
calyces, usually are removed easily through a subcostal ne- 
phrostomy into a posterior lower or middle calyx. There are 
at least three groups of patients, however, in whom a more 
cephalad tract through the 11th-12th intercostal space pro- 
vides the best access for stone removal. 

The first group of patients who may require an intercostal- 
space nephrostomy consists of those with ureteral stones 
that cannot be flushed or pushed back up into the kidney [5, 
6]. In these patients, a straight course to the ureter is impor- 
tant to allow the use of rigid instruments when necessary to 
remove stones from the proximal ureter. More commonly, the 
flexible nephroscope is used. Even with the flexible nephro- 
scope, however, it may be difficult to manipulate very far 
down the ureter from a lower-pole puncture (Fig. 1). With 
access to the collecting system from the lower pole, the 
direction of force when advancing the flexible nephroscope 
into the kidney is up into the renal pelvis rather than down 
the ureter. This causes buckling of the nephroscope in the 
renal pelvis and makes it difficult to advance the instrument 
distally in the ureter. An upper-pole approach avoids these 
problems by providing straight access to the ureter. 

A second advantage of the upper-pole approach in patients 
with ureteral calculi is that it allows removal of additional 
stones from lower and middle calyces without requiring a 
separate puncture (Fig. 2). None of our seven patients with 
combined ureteral and calyceal stones needed additional 
nephrostomy placement for complete stone removal. 

A secand group of patients who benefit from an upper-pole 
intercostal nephrostomy consists of those with staghorn cal- 
culi. The upper-pole approach allows relatively easy access 
to the upper-pole, pelvic, and lower-pole extensions of the 
staghorn calculus with the rigid nephroscope needed for 
ultrasonic lithotripsy. The kidney lies tilted in the retroperito- 
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neum with its lower pole anterior to the upper pole (Fig. 3). 
When the tract to the kidney enters from the lower pole, it 
may be difficult to pass rigid instruments to the upper pole 
because of the acute angle from the skin (anteriorly through 
the lower pole of the kidney and back posteriorly to the upper 
pole) [4]. An upper-pole approach results in a tract that is 
more nearly parallel to the long axis of the kidney and allows 
smoother passage of the rigid ultrasound probe. 

In seven (41%) of 17 patients, second or even third ne- 
phrostomies were required to allow complete removal of 
staghorn calculi, most commonly because of residual stones 
in middle calyces that were out of reach of the rigid ultrasound 
probe. This was handled easily with an additional nephros- 
tomy tract placed directly into the stone-containing calyces. 
Other investigators report a similar rate (20%-40%) of addi- 
tional nephrostomy-tract placement for complete removal of 
staghorn calculi [7, 8]. 

The final group for which we found an intercostal approach 
helpful consists of those patients with large upper-pole caly- 
ceal calculi. Smaller upper-pole calyceal stones usually can 
be approached from the lower pole and removed easily with 
the flexible nephroscope. Larger stones, however, require the 
use of larger grasping instruments, and thus the larger rigid 
nephroscope must be used. Direct puncture of the upper pole 
greatly simplifies access (Fig. 3). In some patients, the kidney 
has an unusually cephalad location so that direct access to 
middle or lower-pole calyceal stones necessitates an inter- 
costal approach. This was the case in three of our patients. 

The advantages of intercostal-space nephrostomy for stone 
removal are achieved with a slight, but definite, increase in 
morbidity. This increase is due primarily to the potential for 
damage to the lung and/or pleura (Fig. 4). The diaphragm 
attaches to the lower margin of the 12th rib, the transverse 
process of the first lumbar vertebral body, and the anterior 
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Fig. 2.—Patient with combined proximal ureteral (arrowhead) and lower-pole calyceal (circle) calculi (A). Both were removed successfully via intercostal upper- 
pole nephrostomy tract. Flexible nephroscope passes easily down ureter (B) and into lower-pole calyces (C). 





surfaces of the upper lumbar vertebral bodies [9-11]. The 
pleura reflects to the level of the 10th rib in the midaxillary 
line and variably along the 12th rib posteriorly. The diaphragm 
usually inserts farther inferiorly than does the pleura, and 
therefore a portion of its most inferior border is not covered 
by pleural reflection [10]. The lung normally does not fill the 
costophrenic sulcus during quiet respiration and lies at the 
approximate level of the 10th thoracic vertebral body poste- 
riorly [9-11]. This location is variable, however, and the lung 
may fill the entire costophrenic sulcus in patients with obstruc- 
tive pulmonary disease or in normal subjects during deep 


Fig. 3.—Sagittal section of kidney. Lower pole 
of kidney normally is tilted anteriorly. Lower-pole 
approach necessitates turning at acute angle from 
skin and back posteriorly to renal pelvis and upper 
pole (A). Upper-pole approach provides a course 
more parallel to long axis of kidney, allowing easier 
passage of rigid instruments (B). 


Sz 


inspiration in the prone position [4, 9-11]. Indeed, the lung 
generally can descend for the distance of two thoracic verte- 
bral bodies with deep inspiration [10, 11]. 

All percutaneous tracts that pass between the 11th and 
12th ribs posteriorly puncture the diaphragm. This should be 
relatively harmless, but it may be a source of unusual post- 
procedural pain. Indeed, some of our patients have com- 
plained of shoulder pain resulting from irritation of the dia- 
phragm during both tract dilatation and recovery from anes- 
thesia. 

Puncture of the pleura is a relatively more serious problem 
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Fig. 4.—Approximate inferior extent of posterior aspect of diaphragm, 
pleura, and lung. 


and most certainly can occur with intercostal-space puncture 
[4, 12]. It surely is the cause of our more significant thoracic 
complications. 

Transgression of the pleural space can lead to pleural 
collections for at least two reasons. The first cause is inade- 
quate tamponade of the nephrostomy tract combined with 
inadequate drainage of the kidney after the procedure. In one 
patient no nephrostomy tube was left after the procedure, 
and a large urothorax developed, undoubtedly from urine 
leaking back along the tract and into the pleural space. We 
now always leave a large-caliber nephrostomy tube in place 
for at least 24-48 hr after stone removal. This tube serves to 
both tamponade the tract and provide drainage until any 
transient obstruction resulting from ureteral spasm and/or 
edema resolves. 

A second cause of postprocedural pleural effusion and air 
collections may be failure to seal the tract with a working 
sheath during stone removal. One of our patients, who de- 
veloped a large hydropneumothorax, was instrumented with- 
out a sheath in place. A large amount of irrigation fluid and 
air entered the pleural space before this problem was recog- 
nized. Young et al. [4] reported a similar case of a patient 
who developed a large pleural effusion after an intercostal- 
space nephrostomy in which no working sheath was used. 

Laceration of the lung also is a possibility when using an 
intercostal approach. Lung laceration can lead to a continuous 
air leak and tension pneumothorax. Although Young et al. [4] 
have performed two nephrostomies through the 10th-11th 
intercostal space without complications, we have hesitated 
to do so for fear of damaging the lung. 
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An additional complication that may result from percuta- 
neous nephrostomy is laceration of the spleen, liver, or bowel. 
In theory, this is more likely to occur with a more cephalad 
(i.e., intercostal) puncture. Because of this, we try to stay as 
mediad as possible when selecting the skin site. No clinically 
significant splenic, hepatic, or intestinal injury occurred either 
in our series or that of Young et al. [4]. 

Our overall serious complication rate related to the use of 
intercostal-space nephrostomy (six [12%] of 50 patients) is 
similar to that of Young et al. [4], who reported three large 
pleural effusions in 24 patients (12.5%) with intercostal-space 
nephrostomies. A larger percentage of our patients (8%) 
received chest tubes than did the patients of Young et al. [4]. 
At least two of our four patients who had chest tubes placed, 
however, probably could have been managed with thoracen- 
tesis alone. 

Intercostal-space nephrostomy provides straight access to 
both large upper-pole and ureteral stones as well as staghorn 
calculi. This access greatly facilitates stone manipulation and 
removal. Although the morbidity rate is slightly higher than 
that for the more traditional subcostal approach, we think that 
complications generally can be avoided by using a working 
sheath and placing a large nephrostomy tube after the pro- 
cedure. Intercostal-space upper-pole nephrostomy generally 
is our method of choice for the removal of ureteral, larger 
upper-pole, and staghorn calculi. 
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Roentgen Signs in Diagnostic Imaging. Volume 3: Spine and Central Nervous System, 2nd ed. Edited by Isadore 
Meschan. Philadelphia: Saunders, 630 pp., 1985. $80 


This book represents an extensive revision of the spine and central 
nervous system section of Analysis of Roentgen Signs in General 
Radiology, Volume |, 1973. A total of 383 pages of text have been 
added Including a 56-page section on CT of the spine in collaboration 
with C. Gene Coin and a 108-page section on CT of the normal and 
abnormal brain, the latter In coflaboration with Anne G. Osbome. 
Barbara L. Carter has contributed to the “Radiology of Special Areas 
of the Skull” and John R. Bickman has collaborated in the section on 
the salivary glands. The book is again designed primarily for the 
radiology resident and a heavy commitment to the normal radi 
ographic anatomy is evident, much of It from an Atlas of Anatomy 
Basic to Radiology, 1975. 

The section on the normal cranial CT scan is marred by the 
correlation of excellent diagrams with reproductions of second gen- 
eration CT scans. The sections on the abnormal CT scan are logically 
ordered as to number, size, density, and architecture of each lesion, 
but often the reproductions are not at state of the art scans. Out of 
18 entities In the congenital section only five examples are illustrated, 
making this portion of the chapter somewhat abstract. The end of 
this chapter has several helpful charts and a summary on roentgen 
signs In intracranial disease. The CT scans of the spine are of more 
uniform quality. The reproductions of a hemangiofibroma, a chor- 
doma, and a pontine glioma with destruction of the clivus are hard to 
interpret, as is the reproduction of an adenoid cystic carcnoma 


involving the base of the skull. Most of the reproductions are good, 
however, there are some repetitious Illustrations: such as the osteo- 
blastoma, the osteoma, the paraventricular caxifications, and the 
intracranial calcifications. This may save the reacer from leafing back 
to earfier sections of the book, but it does ref=ct repetitions In the 
text as well. These and other redundancies increase the length of the 
book and keep it from flowing more smoothly. “he sections on the 
facial bones, salivary glands, temporal bone, and orbits are good. 
The book Is free of typographic errors and the references are gener- 
ally good. While | would consider cytomegalovirus as a leading cause 
of paraventricuar calcifications, cysticercosis, tcxoplasmosis, trichi- 
nosis, and torulosis are mentioned instead, althcugh the omission is 
corrected in a later chapter. Only a few NMR scens are shown. 

This is a much improved, greatly expanded bcak, and although its 
repetitions could probably not be eliminated without changing the 
form of the book, they could be minimized. Updæing the CT material 
would also be important. This fine educational text is recommended 
primarily for radiology residents, although man” practicing general 
radiologists will find it of value. 
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Fine-Needle Aspiration 
Biopsy: Pancreatic and Biliary 
Tumors 





Fine-needle aspiration biopsy was performed in 240 patients with suspected pan- 
creatic or biliary tumors between 1978 and 1984. Between 1978 and 1982, using only 
sonographic guidance, the sensitivity of the technique was 66.7% for pancreatic and 
40% for biliary tumors compared with 79.4% for carcinomas in other locations. The main 
reasons for failure to obtain positive cytology were small tumor size and sampling 
errors. From 1983 onward, combined sonographic and fluoroscopic biopsy guidance 
with opacification of the bile duct or pancreatic duct was routinely used together with 
heavier sedation to allow more careful needle placement. The sensitivity of the technique 
improved from 1983 to 1984 and was 77.5% for pancreatic tumors and 60% for biliary 
tumors. Failure of the cytologic technique to identify well-differentiated tumors and 
lymphomas has become a major source of tumor misdiagnosis. 


Fine-needle aspiration biopsy (FNAB) is well established as a method of diagnos- 
ing malignant disease. We report a series of FNABs in 240 patients with suspected 
pancreatic or biliary malignancy who were seen between 1978 and 1984. 

During the 7-year period under study, a significantly lower sensitivity was 
achieved with pancreatic and biliary tumors than with other malignancies such as 
lung or liver cancers. In our population, pancreatic and biliary tumors are difficult 
to biopsy because they may be small, fibrotic, vascular, or necrotic. Cholangiocar- 
cinomas and other well-differentiated tumors are difficult to specify cytologically. 
After a careful evaluation of our own experience, we altered our biopsy techniques 
and imaging methods in 1983 in an effort to improve the sensitivity of these 
techniques. Our reasons for making these modifications and their success are 
discussed. 

Most reports have been based on small and selected series (Table 1). Our series 
consisted of a large, consecutive, and unselected group of patients, all of whom 
were seen in a single hospital. Many of the biopsies were performed by radiologists 
in training, and their results more realistically reflect those achieved in a routine 
service. 


Subjects and Methods 
Patients 


Two hundred forty patients with suspected pancreatic or biliary tumors were biopsied 
between 1978 and 1984. In patients with obstructive jaundice, FNAB was performed 
whenever possible after a drainage procedure. Abnormal clotting and sepsis were appropri- 
ately treated before biopsy. Initially, only local anesthesia and oral sedatives were used, but 
since 1983 nearly all patients have been sedated with pethidine and diazepam given intrave- 
nously. 


Biopsy Technique 


In the earlier part of the study (1978-1982), sonographic biopsy guidance alone was used, 
the biopsy being taken at the time of the initial diagnostic examination. 
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TABLE 1: Diagnosis of Pancreatic Malignancy by Fine-Needle Aspiration Biopsy—Reported 








Series 
a eee 
r No. of Sensitivity Specificity | | 
eference Patients ő z Guidance Technique 
Biopsied c9 Ps 
Hancke et al. 1975 [1] 25 68 100 S 
Tylen et al. 1976 [2] 29 76 100 ANGIO 
Goldman et al. 1977 [3] 13 63.6 100 S/ANGIO 
Goldstein et al. 1977 [4] 18 77.8 100 S/ANGIO 
McLoughlin et al. 1978 [5] 28 83 100 ANGIO/FLUORO 
Yamanaka and Kimura 1979 [6] 28 86.4 100 S 
Ferrucci et al. 1980 [7] 21 86 100 S/CT/FLUORO 
Mitty et al. 1981 [8] 53 86 100 ANGIO/FLUORO/S 
Hovdenak et al. 1982 [9] 59 76.6 100 S 
Schwerk et al. 1983 [10] 70 90.5 100 S 
Martinez et al. 1984 [11] 45 79.4 100 S 
Hancke et al. 1985 [12] 203 71.4 ND S 
Ferrucci and Wittenberg 1978 [13] 12 100 100 CT 
Sundaram et al. 1982 [14] 28 69 100 CT 
Harter et al. 1983 [15] 32 87.6 100 CT 


Note.—S = sonography; ANGIO = angiography; FLUORO = fluoroscopy; ND = no data available. 


J 





Fig. 1.—Percutaneous transhepatic cholangiogram combined with fine- 
needle aspiration biopsy of a hilar cholangiocarcinoma. Right intrahepatic ducts 
were punctured by a sonography-guided needle (short arrow) and biopsy needle 
(long arrow) was then introduced under fluoroscopic control. Procedure was 
performed after endoscopic insertion of a biliary stent (open arrow). 


In the latter part of the study (1983-1984), a combination of 
radiographic and sonographic imaging was used to improve the 
accuracy of the needle-tip placement. Biopsy was generally deferred 
until all imaging tests (CT, ERCP, sonography) had been performed 
so that a complete anatomic and morphologic description of the 
tumor would be available at the time of biopsy. The pancreatic or 
bile-duct stricture was opacified after sonography-guided duct punc- 
ture and then the biopsy needle was guided fluoroscopically onto the 





Fig. 2.—Percutaneous pancreatogram and fine-needle aspiration biopsy of 
multiple neuroendocrine tumors of the pancreas. Preliminary sonographic ex- 
amination revealed two well-defined tumors in body of pancreas. Pancreatic 
duct was opacified after sonography-guided fine-needle puncture (Open arrow). 
This demonstrates two regions of extrinsic compression (long arrows). Fine- 
needle aspiration biopsy performed under fluoroscopic guidance (arrow) 


Stricture. The needle-tip position relative to the target was then 
determined by parallax and by noting target movement in response 
to change in needle position. 

Several methods of duct opacification were used. Biliary and 
pancreatic duct strictures were completely outlined by transhepatic 
cholangiography (Fig. 1) and percutaneous pancreatography (Fig. 2). 
Radiopaque drainage stents also served to define the bile-duct lumen 
(Fig. 1). Oral barium was occasionally used to define duodenal involve- 
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ment. Biapsy was not performed at ERCP for a variety of reasons: 
the patient was prone for endoscopy, the persistence of contrast 
material within the duct was less prolonged with a retrograde injec- 
tion, and-eoordination of endoscopic and radiologic staff presented 
logistic peeblems. 

Tumor sampling was frecuently speeded up by using marker 
needles. After accurate positioning of the reference needle under 
combined imaging, biopsy needles were inserted “in tandem” under 
fluoroscapic control [16]; this also allowed regular spacing of samples 
throughaut the tumor. 

When the needle tip was correctly positioned within the tumor, 
suction was applied with a 20-ml syringe and the needle oscillated 
several tmes through the tumor. Drops of aspirate were expressed 
onto glass slides for thin-smear preparation by a cytotechnician, and 
the needle was rinsed with citrate solution for later centrifugation. 
The aspirates were inspectec macroscopically by the radiologist and 
the cytotechnician to assess the adequacy of the specimen. 

Throughout the study, all aspirations were performed using a 9- 
cm 22-qgauge spinal needle, and at least three passes were made. 
With very small or fibrotic tumors or with inadequate aspirates, 
additional passes were made until an adequate specimen was ob- 
tained. Im selected cases where a histologic diagnosis was requested 
(e.g., suspected lymphoma), a core-cutting needle was also used 
(e.g., Green, Turner, Chiba, or Otto). 

Preparations containing malignant cells were considered to be 
true-posttive results when supported by radiologic, clinical, and in 
some cases histologic data. False negatives were those with negative 
cytology. that is, patients in whom malignant disease was indicated 
by surgery, autopsy, or the clinical course of their disease. True 
negatives were regarded as those with negative cytology where the 
disease was considered benign after clinical follow-up, or by histology 
obtained at surgery or at autopsy. 

In 17 aatients, insufficient data or follow-up was available and their 
biopsy results were classified as equivocal. 


Reasons for Failure 


In the patients in whom a false-negative result had been obtained, 
failure cccurred for one of two reasons: a failure of the biopsy and 
imaging technique (i.e., a sampling error) or a failure of the cytologic 
technique. Sampling errors were due to small tumor size (<2 cm), 
tumor necrosis, or the failure to obtain an adequate specimen be- 
cause ef tumor fibrosis or vascularity. Cytologic failure occurred 
because the tumor was too well differentiated to identify by cytologic 
methods alone (e.g., lymphoma, neuroendocrine tumors, some cho- 
langiocarcinomas, and some metastases). 


Results 


FNABs were performed on 240 patients with suspected 
pancreatic or biliary malignancies between 1978 and 1984. 
One hundred eleven pancreatic and six biliary tumors were 
biopsied between 1978 and 1982 and 97 pancreatic and 26 
biliary from 1983 to 1984. During these two periods the 
prevalence of malignancy remained constant at 84%. 

The results of pancreatic aspiration biopsies are shown in 
Table 2; no false-positive results were obtained. The reasons 
for failure to obtain positive cytology are shown in Table 3. 
The proportion of tumors not diagnosed because of a sam- 
pling emor decreased from 27.6% in the earlier period to 
15.5% in the later period after the introduction of routine 
combined imaging. 
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TABLE 2: Fine-Needle Aspiration Biopsy—Results in 
Pancreatic and Bile Duct Tumors 











Review Period Bich hee neat Equivocal Total T ity” 
Pancreatic tumors 

1978-1982 58 16 29 8 111 66.7 
1983-1984 55 17 16 9 97 77.5 
Bile Duct Tumors 

1978-1982 2 1 3 0 6 40 
1983-1984 15 1 10 0 26 60 


a Overall sensitivity for pancreatic tumors from 1978 to 1984 was 71.5%. 


TABLE 3: Reasons for Failure to Diagnose Pancreatic 
Malignancy 





neew Boled oo en Necrotic Cytological Lymphoma 
ample (2 cm) Tumor Error 

1978-1982 16 9 3 2 3 

1983-1984 6 4 1 9 0 





The results for biliary aspiration biopsies are shown in Table 
2. The three false-negative results before 1983 were all due 
to sampling errors. The 10 false-negative results obtained in 
1983-1984 were due to four sampling and six cytologic 
failures. There was incomplete separation of periampullary 
lesions into biliary or pancreatic origin because they are 
difficult to differentiate both morphologically and histologically. 
These tumors were included in the pancreatic tumor group. 


Complications 


No significant complication occurred in our series until 
1984, when a patient with a pancreatic tumor in whom both 
FNAB and larger core biopsies had been taken developed a 
seeded metastasis at the puncture site on the anterior abdom- 
inal wall [17]. Three patients having biopsy of biliary tumors 
in procedures combined with transhepatic cholangiography 
developed a septicemia requiring IV antibiotics but no other 
recussitative measures. 


Discussion 


Imaging evidence is frequently insufficient for a confident 
diagnosis of pancreatic and biliary malignancy, failing to dif- 
ferentiate tumor from inflammation [18]. Fine-needle aspira- 
tion biopsy is a quick, cheap, and safe method of obtaining 
cellular material; however, the technique is less successful 
with pancreatic and biliary tumors than with other cancers. In 
this series, a sensitivity of 66.2% before 1983 and 72.7% for 
1983-1984 was achieved in diagnosing pancreatic and biliary 
malignancy. Previously reported results vary widely. Sensitiv- 
ities of between 63 and 100% have been obtained (Table 1). 
Most of these series have been small and biased toward 
biopsy of large tumors. The only other large series (203 
patients biopsied) has obtained results comparable to our 
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own—an overall sensitivity of 71.4% in pancreatic malignant 
disease, obtained over a 10-year period [12]. 

These figures compare unfavorably with FNAB diagnosis 
of malignancy in other tissues. In our own experience, sensi- 
tivities of 79.4% for 1978-1982 and 93.5% for 1983-1984 
have been achieved for all tumors excluding pancreatic and 
biliary [19]. Similarly, other authors report sensitivities of 83% 
[20] and 91% [15] in liver, 100% in kidney [14], 85% in 
retroperitoneal lymph nodes [21], and 90% in lung [22]. 

Several reasons have been postulated for the relatively low 
success rate of FNAB in detecting pancreatic and biliary 
cancers. The tumor mass is frequently masked by associated 
pancreatitis. Many pancreatic and biliary tumors are small; in 
the present series several were less than 2 cm. In some cases 
the tumor mass may not be visualized, only inferred from duct 
strictures. In the large series of Hancke et al. [12], the success 
rate of FNAB has not improved over the last 10 years. He 
argues that any improvements in technique are offset by 
attempts to biopsy the much smaller tumors detected by 
today’s imaging methods. 

The composition of pancreatic tumors is variable. Necrotic 
tumors yield debris and inflammatory cells with scant malig- 
nant cells. Vascular lesions may result in a bloody tap with 
inadequate cell content. Pancreatic tumors incite a desmo- 
plastic reaction, and the resulting fibrosis may deflect the 
biopsy needle or product a dry tap. The duct stricture may 
be caused by peritumoral fibrosis with the main bulk of the 
malignant tissue being eccentrically placed; biopsy aimed at 
the stricture will then be misguided. Cytologic techniques may 
fail to diagnose well-differentiated tumors (Such as cholangio- 
carcinomas) and tumors of unusual cell type (e.g., neuroen- 
docrine tumors, which show few cytologic characteristics of 
malignancy). 

An analysis of our early results revealed that sampling error 
was the main cause of failure to diagnose pancreatic and 
biliary malignancy. In the later review period our main consid- 
eration was to ensure more accurate target definition and 
biopsy-needle placement. Dual radiographic and sonographic 
guidance with heavier patient sedation and analgesia was 
then routinely adopted. 

Fluoroscopy and sonography provide complementary infor- 
mation. Fluoroscopy combined with duct opacification accu- 
rately delineates stricture position and clearly and continu- 
ously shows needle-tip position. Sonographic imaging de- 
scribes the boundary and also the internal composition of the 
tumor, and guides sampling to the appropriate areas. Com- 
bining the two techniques minimizes guidance errors. 

Deep abdominal puncture is painful. Heavier sedation and 
analgesia improve patient tolerance, provide the time required 
to perform duct opacification, and allow for the careful and 
unhurried placement of the biopsy needle. Dual imaging and 
deeper sedation were introduced together into our practice, 
and their independent influence on biopsy results cannot be 
separated. 

During the whole review period all cytology specimens were 
obtained with 22-gauge needles. In the later period (1983- 
1984), in selected cases, these have been used in conjunction 
with larger caliber cutting needles (up to 19 gauge), which 
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produced material suitable for histologic examination. In only 
two patients with pancreatic tumors has histology provided a 
positive diagnosis of malignancy where cytology was nega- 
tive. 

Our study of the value of histopathologic examination of 
tissue fragments is not complete, but other authors have 
shown that it is less sensitive than cytodiagnosis and that its 
principle use is to better characterize cell type [10]. 

The success of improved biopsy guidance is reflected in 
the improvement in technique sensitivity fram 66.7 to 77.5% 
with pancreatic and 40 to 60% with biliary FNABs, and in the 
reduction of the proportion of failures due to sampling errors. 
Although these results do not reach statistical significance, 
they do show an improving trend. Cytologic failures have 
become a major source of tumor misdiagnosis. Advances in 
cytologic techniques may reduce these errors. 

Sufficient numbers are not available for adequate compar- 
ison of CT and combined imaging as means of FNAB guid- 
ance. Using CT alone, sensitivities of 69-100% have been 
achieved [13-15], but these have been reported in small 
series. Although CT allows very precise needle placement, it 
does not accurately delineate the boundaries of the tumor nor 
show internal consistency as clearly as sonography. It is a 
lengthy procedure carrying a significant radiation dose to the 
patient, and prolonged adequate sedation is difficult to main- 
tain. Alternatively, sonographic and fluoroscopic equipment 
are generally available and relatively inexpensive. Using com- 
bined imaging, aspiration biopsy takes an average of 20 min 
to perform and can almost totally eliminate guidance errors. 
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Biliary Endoprosthesis Blockage: Clearance Using a 
22-Gauge Needle (Technical Note) 


Robert N. Gibson'? 


Endoprosthesis insertion using either transhepatic or en- 
doscopic techniques is now widely used for palliative treat- 
ment of malignant biliary tract obstruction. However, the 
complication of endoprosthesis blockage remains a problem 
with both techniques, even with 12-French stents [1-5]. Two 
relatively simple and safe percutaneous techniques for clear- 
ing blocked endoprostheses rely on insertion of a 22-gauge 
needle into either a side hole or end hole of the endopros- 
thesis, followed by simple flushing or by passage of a fine 
guidewire through the needle and stent. 


Methods 


Before attempting endoprosthesis clearance in patients with sus- 
pected stent blockage, a percutaneous transhepatic cholangiogram 
should be obtained to confirm the occlusion and rule out endopros- 
thesis migration or tumor extension. If the proximal end of the 
endoprosthesis is oriented favorably, a 22-gauge Chiba needle (Wil- 
liam Cook Europe, Bjaeverskov, Denmark) is inserted into the end 
hole under careful fluoroscopic guidance. Clearance may then be 
achieved by forcible injection of contrast medium. If this procedure 
fails, then a 0.46-mm guidewire (William Cook Europe, Bjaeverskov, 
Denmark) can be easily inserted through the needle and manipulated 
within the endoprosthesis until patency is reestablished. 

The second technique (Fig. 1) can be used if the endoprosthesis 
is not oriented favorably for the first. In this situation, a 22-gauge 
Chiba needle is inserted under fluoroscopic guidance into a side hole, 
preferably one close to the proximal point of obstruction so that 
debris will be flushed into the bowel rather than into the biliary tree. 
Clearance is then attempted by forcible injection of contrast medium. 


Discussion 


Biliary endoprostheses frequently become occluded, a 
problem that makes their use in benign disease still generally 
unacceptable and creates difficulties for the longer term sur- 
vivors of malignant biliary obstruction. Both transhepatically 
and endoscopically inserted stents can become blocked. 
Blockage seems to occur later and less often with larger 
Stents, although 7-French stents can remain patent for over 
12 months [4] and factors other than size are obviously 
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important. Between 12% and 50% of patients with endoscop- 
ically inserted stents will develop recurrent jaundice an aver- 
age of 3-4 months after stent insertion [3-6]. The results for 
transhepatically inserted endoprostheses are less well docu- 
mented. Of 28 patients with malignant biliary obstruction in 
whom good biliary decompression was achieved with trans- 
hepatic endoprosthesis insertion, Dooley et al. [2] found 
recurrent obstruction in five patients (18%) between 5 and 18 
months later. Of 102 patients reviewed by Mueller et al. [5], 
23% suffered endoprosthesis occlusion at some time beyond 
30 days after insertion. 

A recognized advantage of the endoscopic approach to 
insertion is the relative ease with which a blocked endopros- 
thesis may be replaced. Nevertheless, the transhepatic ap- 
proach is widely used, usually because an endoscopic ap- 
proach either is not available or has been unsuccessful. When 
these endoprostheses block, one solution is to insert another 
endoprosthesis, either beside the original or in place of it, 
after removing the blocked stent by one of several techniques 
[7, 8]. Although acceptable in some situations, this approach 
does involve the same discomfort and risk of complications 
as the original procedure. 

The use of a 22-gauge Chiba needle to clear the stent 
offers a safe alternative means of reestablishing endopros- 
thesis patency without subjecting the patient to a further 
percutaneous transhepatic catheter approach. Longer term 
patency will depend on the cause of the endoprosthesis 
occlusion and the efficiency of clearance. If the cause is tumor 
extension, it will be apparent on cholangiograms obtained at 
the same time, and simple endoprosthesis flushing will ob- 
viously be ineffectual. A decision to repeat transhepatic en- 
doprosthesis insertion will then depend on anatomic and 
overall clinical circumstances. 

In a series of approximately 55 endoprosthesis insertions, 
we have used the techniques described here in four patients: 
the end-hole approach in two patients and side-hole approach 
in another two. Endoprosthesis clearance was successful in 
all four patients; two patients died—1 and 3 months later— 
without recurrence of jaundice, and two patiemts were lost to 
follow-up. 


' Department of Diagnostic Radiology, Royal Postgraduate Medical School, Hammersmith Hospital, Du Cane Rd., London W12 OHS, United Kingdom. 
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Fig. 1.—Endoprosthesis clearance using side hole for access. Endopros- endoprosthesis. B, Tip of 22-gauge needle inserted through side hole of 
thesis lies across left hepatojejunostomy in patient with recurrent cholangio- endoprosthesis proximal to level of occlusion (arrow). C, Patency restored by 
carcinoma. A, Percutaneous transhepatic cholangiogram showing occluded injection of contrast medium directly into endoprosthesis. 

Since both the end-hole and side-hole techniques described tion. Complications and results. Gastroenterology 1984;86:905- 
should involve only the same risks as a percutaneous trans- 909 
hepatic cholangiogram, and since the alternatives are more 3. Cotton PB. Endoscopic methods for relief of malignant obstruc- 
invasive, it seems reasonable to use this fine-needle approach tive jaundice. World J Surg 1984;8:854-861 
as the first means of dealing with an occluded transhepatic 4. Marks WM, Freeny PC, Ball TJ, Gannan RM. Endoscopic retro- 


grade biliary drainage. Radiology 1984;152:357-360 

5. Mueller PR, Ferrucci JT Jr, Teplick SK, et al. Biliary stent endo- 
prosthesis: analysis of complications in 113 patients. Radiology 
1985; 156:637-639 

6. Huibregtse K, Tytgat GNJ. Endoscopic placement of biliary pros- 
theses. In: Advances in gastrointestinal endoscopy, vol. 1. Lon- 
don: Chapman and Hall, 1983;219-231 


endoprosthesis. If this approach should fail, a second endo- 
prosthesis can be inserted if clinically appropriate. 
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Digital-Scout-Radiograph-Assisted Percutaneous Abscess 


Drainage (Technical Note) 


Vivian W. Wing,' R. Brooke Jeffrey, Jr., Daniel R. Hightower, and Michael P. Federle 


Percutaneous drainage is the treatment of choice for most 
abdominal abscesses [1-3]. The criteria for percutaneous 
management have been modified, particularly in the treatment 
of postoperative or critically ill patients who are poor candi- 
dates for surgery [4, 5]. Very often, these patients are difficult 
to transport owing to their critical condition and the presence 
of multiple life-support systems. Several authors have de- 
scribed their experience with percutaneous procedures at the 
bedside using sonographic guidance [6, 7]. However, with 
sonographic guidance, it is often difficult to appreciate the 
precise location of the guidewire and catheter within the 
abscess cavity. To eliminate the need to transport critically ill 
patients from the CT scanner to the fluoroscopy suite, we 
have found serial digital-scout radiographs to be useful in 
monitoring the position of the guidewire, final catheter place- 
ment, and completion of evacuation during percutaneous 
abscess drainage. This report describes our experience with 
scout-view-assisted abscess drainage in 36 patients. 


Technique 


After standard CT localization of an abnormal fluid collection, 
diagnostic needle aspiration was performed using a 20- or 22-gauge 
needle. Upon confirmation of an abscess, an 18-gauge sheath or 
standard 19-gauge angiographic puncture needle was placed into the 
abscess cavity. A 0.038-in. (0.97-mm) closed-J wire was gently 
advanced into the cavity until slight resistance was encountered. A 
digital-scout radiograph (ScoutView, General Electric, Milwaukee, WI) 
and one axial CT scan were then obtained to confirm coiling of the 
wire within the abscess cavity (Fig. 1). In our first three cases, the 
patient was then moved to fluoroscopy for subsequent tract dilatation 
and catheter placement. In the remaining 33 cases, the abscess was 
drained entirely under digital radiographic and CT control. The dis- 
tance from the skin to the center of the cavity was determined from 
axial CT scans and was used to guide the passage of serial angio- 
graphic dilators. After dilatation of the tract, a drainage catheter, 
ranging in size from 8.3 French to 12 French, was then placed into 
the cavity. The length of the catheter to be inserted was determined 
by adding 4 to 5 cm to the measured distance between the abdominal 
wall and the abscess cavity. A second scout radiograph was then 
obtained to confirm coiling of the catheter. The catheter was reposi- 
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tioned as necessary. After confirmation of the catheter position, the 
guidewire was removed, the catheter secured in piace, and the Cavity 
evacuated (Fig. 2). After evacuation of the abscess. repeat axial 
scans were obtained to assess the adequacy of drainage in selected 
cases. 


Results 


This technique was used successfully in 35 of 36 consec- 
utive abdominal abscess drainages. There were no cases in 
which perforation of the back wall occurred. In one case, the 
catheter buckled as it was being inserted into a liver abscess, 
probably because of insufficient dilatation of the tract. The 
procedure was then abandoned, although this patient ulti- 
mately proved to have an amoebic abscess that resolved on 
medical therapy. No other technical difficulties or complica- 
tions were encountered, and all 35 abscesses resolved with 
catheter drainage alone. 


Discussion 


Percutaneous drainage of intraabdominal abscesses can 
be lifesaving in the critically ill patient who is atherwise at high 
risk for surgical drainage [5-7]. In one previous report of the 
bedside drainage of abscesses in the desperately ill patient 
with sonographic guidance [6], the Seldinger technique and 
guidewire exchange were used. A generous amount of 
guidewire was placed into the cavity until significant resist- 
ance to passage of the wire was encountered. This was to 
ensure that the wire would not become dislodged during the 
dilator and catheter exchanges. However, inadvertent back- 
wall perforation may occur with blind passage of the wire. 
The potential problems of wire and catheter manipulations 
without the benefit of fluoroscopy have been emphasized by 
many authors [6-8]. If CT guidance is used for the initial 
aspiration, this situation can be monitored by obtaining a 
digital-scout radiograph and a single axial scan immediately 
after passage of the wire. Coiling of the wire within the 
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abscess cavity can then be confirmed. After passage of serial 
dilators and placement of the catheter, a second scout radi- 
ograph may be obtained to confirm the position of the cath- 
eter. Although we have not used the technique, a lateral scout 
radiograph may also provide information as to catheter posi- 
tion. Orce the abscess cavity has been evacuated, a repeat 
scan may be obtained to confirm decrease in the size of the 
fluid collection. If desired, an immediate digital radiographic 
sinogram can also be done without moving the patient to 
fluoroscopy. 

It sheuld be emphasized that not all intraabdominal ab- 
scesses are amenable to drainage using this technique. The 
abscess should be unilocular, with well-defined walls, and 
easily accessible. Multilocular or otherwise complicated ab- 
scesses with ill-defined borders are still best drained under 
CT and/or sonographic guidance and fluoroscopic visualiza- 
tion. We would also stress using a closed-J wire or, alterna- 
tively, a wire with a floppy tip to decrease the chances of 
perforating the back wall of the abscess cavity. Adhering to 
these criteria and technical factors, we have found this tech- 
nique to be useful in the management of intraabdominal 
abscesses in critically ill patients who are difficult to transport. 
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Fig. 1.—Patient with postoperative ab- 
scess in subphrenic space. Digital-scout 
radiograph showing coiling of guidewire 
in abscess cavity. 


Fig. 2.—Final position of catheter dem- 
onstrated on scout radiograph. 
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The Radiologic Clinics of North America. Symposium on New Imaging Technology: Pitfalls and Controversies. 
Guest Editor: Robert K. Zeman. Philadelphia: Saunders, September 1985;23:379-586. By subscription, 4 issues 


annually, $52 


Under the auspices of guest editor Robert K. Zeman, the 27 
contributors to this issue present the state of currently available 
imaging technologies with emphasis on the pitfalls and controversies 
associated with these modalities and on their interrelationships. 

The division of this volume into the 13 articles was guided by 
practical considerations. Several of the articles address the contri- 
bution of a different imaging modality to the evaluation of the respec- 
tive organ system or disease entity. This is reflected in such titles as 
“Breast Imaging: Controversies, Pitfalls, and Some Practical 
Thoughts,” “Hepatic Imaging: Current Status,” “Pancreatic Imaging,” 
“Controversies in the Radiologic Diagnosis of Pelvic Malignancies,” 
“Evaluation of Pulmonary Embolism,” “Controversies in Computed 
Tomography of the Thorax: The Pulmonary Nodule—Lung Cancer 
Staging,” “Intrathoracic Metastasis from an Extrathoracic Malignancy: 
A Radiologic Approach to Patient Evaluation,” and “Imaging Approach 
to the Suspected Renal Mass.” The application of MR to the evalua- 
tion of the spine, mediastinum, and heart is described in “Magnetic 
Resonance Imaging of the Spine: Applications and Limitations,” “MRI 
and CT of the Mediastinum: Comparisons, Controversies, and Pit- 
falls," and “Gated Magnetic Resonance Imaging for Assessment of 
Cardiac Function and Myocardial Infarction.” Another article is de- 
voted to the expanding role of duplex sonography in noninvasive 
vascular diagnosis. The opening article addresses the impact of 


federal regulations and innovations in third party payment on the 
acquisition of new imaging technologies. 

The format and style of the articles follow the established excel- 
lence of The Radiologic Clinics of North America with two exceptions: 
Marc Homer's article on breast imaging is too condescending, and in 
Elias Zerhouni and Frederick Stitik’s article on CT of the thorax the 
layout of the figure presenting the algorithm is too flimsy. Most of the 
articles provide information that prepares the practicing radiologist to 
offer knowledgeable aid to the referring physician in selecting the 
most suitable procedure from today’s radiologic imaging armamen- 
tarium. The presentation of assessment of the heart using gated MRI 
should be considered a glance into the future, and the discussion of 
predictive values based on likelihood ratios in evaluating patients 
suspected of having a pulmonary embolus is an enjoyable treatise 
without direct clinical application. 

This issue keeps its promise of being a symposium on new imaging 
technology and can be recommended as reading material and as an 
up-to-date reference source for practicing radiologists. 


Peter F. Winter 
Lahey Clinic Medical Center 
Burlington, MA 01805 
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Pelvimetry Revisited 


Gordon ©. Johnson’ 


In the May 1985 issue of the AJR, Stark et al. [1] described 
the usefulness of MRI for pelvimetry and suggested that MRI 
might be a suitable replacement for conventional X-ray pel- 
vimetry. We do not disagree with the scientific content of that 
article or the observations of the authors. The article contains, 
however. an unstated but clearly implied endorsement of the 
use of pelvimetry that we believe to be unintended and worthy 
of discussion. 

X-ray pelvimetry enjoyed a long period of acceptance and 
wide use. Kelly et al. in 1975 [2] estimated from survey data 
that pelvemetries were performed in 6.9% of single deliveries 
in a group of 16 United States teaching hospitals during 1969 
and 1970. Other estimates range widely, but a figure of 6% 
has been used [3] as representative of practice in the United 
States at that time. In July 1980, the Department of Health 
and Human Services published a review and assessment of 
the X-ray pelvimetry procedure and of the development of a 
consensus position statement on its use [3]. 

The faliowing statement was developed and approved by 
the Food and Drug Administration's Panel on X-ray Pelvimetry 
on January 26, 1979: “Pelvimetry is not usually necessary or 
helpful in making the decision to perform a cesarean section. 
Therefor, pelvimetry should be performed only when the 
physician caring for the patient feels that pelvimetry will 
contribute to the decisions concerning diagnosis or treatment. 
In those few instances, the reason for requesting the pel- 
vimetry should be written on the patient’s chart. This state- 
ment dees not apply to X-ray examinations for purposes 
other than measurement of the pelvis.” The statement was 
subsequently approved and adopted by the American College 
of Radiclogy in September 1979. 


Also in 1979, the American College of Obstetricians and 
Gynecologists approved the following statement, which 
closely parallels the Panel statement above: “X-ray pelvimetry 
provides limited additional information to physicians involved 
in the management of labor and delivery. It should not be a 
prerequisite to clinical decisions concerning obstetrical man- 
agement. Reasons for requesting X-ray pelvimetry should be 
individually established.” 

The above statements were developed and promulgated 
with the intent that they serve as guides for clinical studies 
and, if affirmed, become models for good radiologic practice. 
The thrust of both statements is consistent with a widespread 
clinical perception that pelvimetry contributes little toward 
decision making in the management of labor and delivery. 
Although addressing X-ray pelvimetry specifically, the basis 
for the statements was the lack of clear correlation between 
the acquisition of internal pelvic measurements and the out- 
come of labor. The deliberations and the statements ad- 
dressed “X-ray” pelvimetry because X-ray was the only tech- 
nique then in common use for pelvimetry. The same rationale 
is equally applicable to the use of sonography and MR. 

Since publication of the consensus statements in 1980, 
reports in the obstetric literature have tended to confirm the 
clinical perspective presented by the statements. Retrospec- 
tive studies by Fine et al. [4], Barton et al. [5], and Jagani et 
al. [6] suggest that management plans were changed little 
after obtaining pelvimetry. Described briefly below are two 
prospective studies that support the statements’ perspective 
and a report from the United Kingdom that reserves only the 
planned vaginal delivery of breech presentations as a major 
indication for pelvimetry. 
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In 1981, Laube et al. [7] reported a study of the impact of 
X-ray pelvic measurements on the clinical plan for manage- 
ment of labor. In comparing pre- and postmanagement plans 
on 104 consecutive patients referred for X-ray pelvimetry, a 
prompt and significant change (of plan) occurred in one of 67 
vertex and one of 37 breech presentations. In 98% of the 
patients, no change in immediate clinical management plan 
was made on the basis of X-ray pelvimetry findings. 

Parsons and Spellacy reported in July 1985 [8] on a pro- 
spective randomized study to determine the usefulness of 
X-ray pelvimetry before oxytocin induction or augmentation. 
Two hundred primiparous women were entered into the 
study. One group received X-ray pelvimetry and the other did 
not. There were no differences in pregnancy outcome when 
the total groups were compared. Slight differences in 
subgroups suggested, on balance, that the elimination of 
X-ray pelvimetry (in primigravida women) did not lead to a 
compromise in infant outcome when electronic fetal monitor- 
ing was used. 

Gordon et al. [9], in discussing the changing place of 
radiology in the practice of obstetrics in the United Kingdom, 
described a dramatic decrease in the use of all antenatal 
X-ray examinations from 42% in 1970 to 3% in 1980, due 
primarily to the introduction and availability of sonography. 
X-ray pelvimetry, however, continues to be used, but predom- 
inantly (62%) in breech presentations. The authors believe 
that the major indication for X-ray examination is in the 
management of a breech presentation when vaginal delivery 
is contemplated (for assessment of the bony pelvis). 

Since it is now possible, with sonography and MRI, to 
acquire internal pelvic dimensions with a considerable degree 
of precision and no ionizing radiation risk, one can speculate 
that there may be a resurgence of interest in and use of 
pelvimetry. The thrust of the article by Stark et al. [1] was not 
to suggest that pelvimetry has new or renewed advantages 
but rather, to suggest MRI as an alternative to X-ray. In fact, 
it emphasized other advantages (soft-tissue information) of 
this new technique. It is important to call to the attention of 
clinicians that the implication that pelvimetry should be (again) 
more widely or generally used as a regular part of the man- 
agement of labor was probably unintended and is unwar- 
ranted. 

A relevant side issue is the unfortunate use of the term 
“pelvimetry” by some clinicians when requesting an exami- 
nation of the abdomen or pelvis for purposes other than for 
pelvic measurements. This has occurred in (perhaps casual) 
clinical practice when in fact interest was in fetal number, fetal 
position, pelvic soft tissues, or pelvic deformity (e.g., old 
fracture or rickets) that might have an impact on delivery other 
than through changes in the internal pelvic dimensions. The 
subject of examinations obtained for these purposes was not 
addressed by the consensus statements. 

An incidental, but increasingly important, consideration in 
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all such decision making is the need to incorporate cost/ 
benefit considerations. The present cost and limited availabil- 
ity of MRI would suggest that its widespread introduction into 
the management of labor is unlikely in the near future. At the 
present time, several MRI devices have been approved by 
the Food and Drug Administration for marketing. Approved 
labeling includes a warning about the lack of safety data in 
pregnancy. Wide availability and increasing experience with 
the use of sonography in pregnancy, and its demonstated 
ability to assess maternal osseous and soft-tissue structures 
as well as the fetus, suggest that it is likely to supplant the 
use of X-ray for the majority of such examinations. Its relative 
safety (absence of ionizing radiation) and its relative economy 
could precipitate a movement toward reintroducing the rou- 
tine use of pelvimetry in the management of labor. The recent 
literature suggests that sonography already has become the 
imaging technique of choice for nonpelvimetry obstetric use. 

Patient information is of value not for its own sake but for 
the assistance it can provide in patient management. It is 
appropriate to remind ourselves that habits learned early are 
most difficult to overcome. The use of pelvimetry in the 
management of labor is occasionally useful. However, in the 
face of apparent broad clinical consensus, routine pelvimetry 
by any technique no longer should be considered a “standard 
of care” in the management of labor and delivery. 
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Response 


Dr. Johanson makes a strong argument against pelvimetry 
with which we agree in large part. We do not advocate a 
resurgence in the use of pelvimetry and do not think that this 
was either stated or implied in our manuscript entitled 
“Pelvimetay by Magnetic Resonance Imaging,” which 
appeared in AJR. Our Department of Obstetrics is relatively 
conservative in this area, but we do tend to see pelvimetry 
performed for breech presentations or twins when vaginal 
delivery is planned. We reiterate that when pelvimetry is 
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Clinically requested, the information obtained should be 
optimized. MRI appears to have some definite potential in this 
area. 


Roy A. Filly 

Julian T. Parer 

David D. Stark 

University of California, San Francisco 
San Francisco, CA 94143 
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Physician Investment in Free-Standing Imaging Centers: 
In Opposition 


Stanley Baum’ 


The resolution to be debated describes the threat of medical 
imaging centers to the “profession” and not necessarily the 
“practice” of radiology. This subtle difference is important in 
my argument since the public trust in the medical profession 
can be fatally damaged by even the appearance of conflict of 
interest. 

The threat to our profession did not start with the estab- 
lishment of medical imaging centers. The medical community 
has always had its businessmen and entrepreneurs, but until 
recently they were primarily involved with investing either in 
doctor's office buildings or in physician-owned hospitals. The 
vast majority of physicians earned their income by receiving 
professional fees for taking care of their patients. Such con- 
cepts as depreciation, investment tax credit, limited and gen- 
eral partnerships were alien to the practice of medicine. 

In recent years, physicians have become more and more 
entrepreneurs, and medical practitioners are seeking profits 
from business arrangements with hospitals, equipment com- 
panies, and even companies providing ambulatory care. This 
has caused concern, not only for the relationship between 
doctor and patient, but even between physicians and the 
science of medicine. Recently the New England Journal of 
Medicine established a policy requiring authors of scientific 
papers to indicate whether or not they or their families had 
financial interests in the companies making the drugs or 
equipment they are describing in a scientific article. 

Practicing physicians now have financial interests in diag- 
nostic laboratories, walk-in clinics, ambulatory surgery cen- 
ters, dialysis units, and, in our specialty, imaging centers. In 
most of these business arrangements, the investing physi- 


cians’ profits depend at least in part on referral of patients to 
these facilities or on other decisions that are made in the care 
of their patients. 

To understand fully the potential threat medical imaging 
centers constitute to the profession of radiology, one should 
Step back and examine the arrangements made by our col- 
leagues in other specialties. Some enterprising surgeons are 
augmenting their professional income through business con- 
nections with the facilities in which they work. Their justifica- 
tion is that hospitals are not providing them with modern, 
State-of-the-art operating rooms containing laser and other 
instruments important in their practice. Does this argument 
sound familiar? Free-standing, investor-owmed surgical cen- 
ters are springing up everywhere. To increase the use of 
these facilities, which are often in competition with similar 
units in the community hospitals, these companies offer local 
surgeons a share in the profits. Doesn't this sound familiar? 
Some ambulatory surgical centers are owned by the surgeons 
who use the facility, and they share in the profits from its use. 
Would any of you disagree with the premise that these 
arrangements constitute a threat to the profession of surgery? 
How is this different from many of the arrangements we as 
radiologists are making with free-standing imaging centers? 

Radiologists and nonradiologist physicians are now invest- 
ing in free-standing imaging centers often in partnership with 
venture Capitalists. In defense of these arrangements, we use 
all of the arguments of the surgeons for the establishment of 
surgicenters. For the nonradiologist physician-investor in im- 
aging centers, such arrangements constitute an economic 
incentive to refer their own patients to the imaging center and 
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to use radiologic procedures. The radiologist-investor benefits 
as both prefessional supervisor and consultant in the perform- 
ance of diagnostic procedures and again as investor in the 
facility. 

Those who defend the for-profit marketplace in health care 
say that there is nothing wrong with the physician acting as 
a businessman; after all, more doctors read Medical Econom- 
ics than any other journal. This argument is flawed since it 
ignores a basic tenet of medicine. The role of the physician is 
to be an agent and some say even a trustee for the patient. 
Would we want the trustee caring for our children’s estates 
to invest in companies in which they had financial interests? 
The answer is obviously no; not because the companies may 
not be goed ones, but mainly because it opens the door for 
potential conflicts and abuse. When physicians seek income 
beyond fee-for-service and make business arrangements with 
other prowiders of service to their patients, they introduce a 
new and unnecessary conflict that strains the physicians’ 
fiduciary commitment to the patient. These arrangements are 
usually not fully disclosed to the patient and are very difficult 
to control. 

Even if they are disclosed, you cannot ignore the damage 
done to the public’s trust of medicine by even the appearance 
of conflict of interest. Some states have already enacted 
legislation that requires disclosure by the physician to the 
patient of *heir financial interest in these facilities. A few states 
have pencing legislation that makes it unlawful for physicians 
to charge for imaging services rendered in facilities when 
these physicians have more than $5000 invested in the facility. 
The State of Michigan now prohibits physicians from referring 
patients te any facility in which the physician has a financial 
interest, and the Commonwealth of Pennsylvania has a similar 
law, but it only refers to patients who receive State Medical 
Assistance. 

Free-standing medical imaging centers are established in 
many different ways. They may be owned wholly by radiolo- 
gists or may be owned by radiologists and nonradiologist 
referring physicians. Venture capital groups may own them 
and have as partners radiologists and referring doctors. Oc- 
casionally they are owned by nonradiologists and these phy- 
sicians employ radiologists to perform professional services. 
All of these arrangements suffer from a lack of professional 
control. Who oversees the quality of care? A venture capital 
group is @ business and rightfully is answerable to its inves- 
tors. In these arrangements, who serves as the patients’ 
advocate” Years ago, lawyers realized the potential problems 
of business involvement in the profession of law. State Bar 
associations forbid nonlawyers from holding equity in a law 
firm. This has been an important reason that lawyers are 
largely insulated from the fierce price competition now buffet- 
ing physicians. 
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Another problem that arises because of the proliferation of 
these imaging centers is the difficulty they create for residency 
training programs. By removing the latest technology from 
the institution that is involved with the training of future 
radiologists, we will no longer be able to claim that we are 
better qualified to perform imaging studies than nonradiolo- 
gists. 

In my view there is a role for private investment in the 
health care of our country. Virtually all hospitals have built 
new facilities over the years by floating public bond issues. 
The purchasers of these bonds have had no say as to the 
way hospitals care for the sick. If imaging centers are owned 
by hospitals we would have the same quality-control program 
in place as exists in the hospital itself. This has been the 
traditional arrangement over the years and it has worked. It 
has allowed our specialty to grow and excel. Not only have 
we been able to provide a very high level of radiologic care, 
but we also have been able to distribute this care to all 
segments of our population. | do not foresee investor-owned 
free-standing medical imaging centers caring for the indigent, 
and these patients will undoubtedly fall back on the hospital- 
based practices. 

All of us have been successful in our profession because 
we have served as respected, valuable consultants. Undoubt- 
edly in your respective institutions the radiology consulting 
room serves as the hub of the hospital where referring phy- 
sicians congregate to review difficult diagnostic problems. On 
a cost-accounting basis, this type of practice may not be the 
most efficient use of our time, but it has certainly made our 
specialty stimulating. Should we not at least attempt to leave 
this to our successors rather than a practice in a shopping 
mall or on an interstate highway? 
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In Defense 


Robert K. Zeman’ and Larry P. Elliott 


We believe that joint ventures, such as free-standing im- 
aging centers, do not pose a threat to the practice or profes- 
sion of radiology, but rather are just one form of practice that 
exists in the world in which we have to live. The arguments 
Surrounding joint ventures may be discussed in the context 
of four specific areas: financial considerations, legality, ethics, 
and the perception of radiology by the public and our medical 
colleagues. 


Financial Considerations 


The financial aspects of joint ventures can be quite com- 
plex. A jointly owned imaging center is created by an individual 
or organization who enlists potential referring physicians to 
enter into the project for their mutual benefit. A radiologist 
may or may not be the developer of the center. In its most 
common and desirable form the radiologist solely is a provider 
of interpretive and interventional skills. He or she bills for a 
professional component on the basis of the services rendered. 
Technical component billing goes into a pool that pays the 
imaging center's capital expenditures and operating costs. 
The latter may include sums of money for development costs 
or ongoing management by venture capitalists. Residual prof- 
its, the investment tax credit on section 38 property, and tax 
credits received under the Accelerated Cost Recovery Sys- 
tem enter a pool for dispersal to referring physician share- 
holders. Their financial return (which in fact may only be tax 
benefits) is based on the amount of capital they have at risk, 
not the number of patients they refer to the center. 

In general, this type of arrangement is financially sound for 
the radiologist. The radiologist bills for a fair and accepted 
professional component just like he or she would in a hospital 
setting. The individual radiologist in most joint ventures has 
no more or no less financial interest in the center than in a 
hospital-based practice. The radiologist’s role as an inde- 
pendent patient advocate and judge of the appropriateness 
and medical necessity of requested exams is thus preserved. 

Intimately tied to the monetary aspects of free-standing 
imaging centers is the question of “turf.” Will joint ventures 
allow the collective mass known as radiology to retain its fair 
share of the clinical and financial pie? Joint ventures have in 
many communities broken the strangle-hold of self-referral 


and reduced the volume of radiologic procedures performed 
by primary-care physicians. This is borne out by our experi- 
ence of seeing clinicians enticed away from performing their 
own imaging procedures by participating im our joint venture. 
Do joint venture-imaging centers pose a threat to the well- 
entrenched hospital-based group? Barring unusual political 
circumstances, groups who perform quality radiologic con- 
Ssultations and provide a caring, dignified environment for 
outpatient exams are not threatened. Most referring physi- 
cians who have been questioned about their participation in 
joint ventures do not expect great financial gains. Their actual 
financial return may be mediocre by investment standards. 
They enter joint ventures to establish preferred treatment for 
their patients and better service. Referring physicians most 
often cite unfair charges, lack of available services, and either 
inaccurate or slow reporting of findings as reasons for enter- 
ing into jointly owned imaging centers. One entrepreneurial 
group reports that 50% of their referrals come from physicians 
with no financial interest in their centers. Quality care at a fair 
price is still the name of the game. 

The aggressive development of free-stamding imaging cen- 
ters is a healthy form of financial diversification. It guards the 
traditional hospital-based group that pursues such develop- 
ment from the erosion of income that may result from pro- 
spective payment, capitation-based reimbursement, further 
legislative manipulation of hospital-based income, and gen- 
eralized cutbacks in insurance benefits. By bringing a steady 
stream of outpatient income into a hospital-based group, we 
hedge our bets on the future nature of radiologic practice and 
also protect the borders of our referral sphere of influence. 

Academic radiology departments face many of the same 
financial stresses as do community hospitals, but in addition 
may face unique challenges, such as large numbers of unin- 
sured or medical assistance patients. Research funding con- 
tinues to be inconstant and unsafe while the current admin- 
istration occupies Washington. Joint ventures provide a 
unique opportunity to broaden the financial base of academic 
departments. The Office of Management and Budget wants 
to slash 400 to 500 million dollars from NIH funding (overriding 
Congressional allocations). These cutbacks will largely come 
from reducing overhead expenditures on extramural grants. 
When you couple this trend with the recent expiration of the 
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research and development investment tax credit (which en- 
couraged joint corporate-academic research projects) real 
trouble could lie ahead. Because of their own financial worries, 
medical schoo! deans and hospital administrators are also 
asking for an increasingly long drink at the clinical practice 
plan well. Joint ventures are just one form of healthy diversi- 
fication that will keep the financial well from running dry. 
Surplus joint venture proceeds in our department are used to 
fund vital research projects and as start-up funds for junior 
faculty. 


Legality 


It is not against federal law to enter into joint ventures. It is 
illegal to split fees according to the 1977 Medicaid-Medicare 
Antifraud and Abuse Amendment. Since financial rewards to 
referrers in joint ventures are not based on the actual number 
of patients referred to the practice, the General Counsel of 
Health and Human Services has ruled that free-standing 
imaging centers fall within federal law. 

State law varies in its treatment of free-standing imaging 
centers. In Michigan physicians are not allowed to refer pa- 
tients to any type of health-care facility in which they have a 
financial interest. California and New Jersey may also take 
this myopic view of joint ventures in the future. Pennsylvania, 
through administrative code only, prohibits the referral of 
medical assistance patients to independent health-care facili- 
ties in which the practitioner has an ownership interest. 

Nowhere in any of these state laws is self-referral prohib- 
ited. That has been and will continue to be the greatest single 
threat to radiology. The orthopod who takes and interprets 
his own bone films, the gastroenterologist who performs 
barium studies, and the internist who does chest radiographs 
are exempted from this type of legislation when imaging is 
performed in the context of care for their own patients in their 
own practice. Shoddy radiologic practice by nonradiologists 
in the name of patient convenience continues to run rampant. 
This type of self-referral will never cease, and it is naive to 
think that federal or state legislatures will come to our rescue 
in this regard. Legislation that solely bans referrals of patients 
to free-standing imaging centers is not in radiology’s best 
interest. It creates a double standard that potentially discour- 
ages radiology by radiolog'sts and should not be blindly 
endorsed by our professional organizations. The motivation 
for these protectionist laws is primarily financial so as to 
restrict competition. In their most recent flip-flop on the ethics 
of jointly owned imaging centers, the American College of 
Radiology (ACR) has suggested that the potential for abuse 
exists, while 1 year earlier it did not. One might speculate 
that worries about increased competition and other financial 
concerns prompted the abrupt change in ACR policy, not 
ethics. 


Ethics 


Are joint ventures ethical? One doesn’t have to be hit over 
the head with the New England Journal of Medicine to realize 
that there are potential conflicts of interest that arise when 
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physicians refer patients to an imaging center in which they 
have a financial interest. Yet we propose that Board Certified 
radiologist performing and interpreting imaging procedures, 
assessing their necessity, and billing fairly for services pro- 
vided is far more ethical than the unchecked self-referral that 
continues to flourish in many settings. 

The American Medical Association’s Current Opinions of 
the Judicial Council specifically addresses the ethics of joint 
ventures. These guidelines appropriately affirm that physi- 
cians may refer patients to health facilities in which they have 
ownership interests. It is recommended that physicians dis- 
close ownership and provide alternative sources of service 
before referring patients to the jointly owned facility. 

The ethics of large multispecialty clinics with in-house re- 
ferral are no different from the jointly owned imaging center. 
In many multispecialty clinics services are provided on a fee- 
for-service basis with shared profits. Are these types of 
practices unethical? Surely not. Radiologists who own their 
own practice are at risk for millions of dollars of capital 
investment. The temptation to perform marginally necessary 
exams may be great but that does not make office-based 
radiologists unethical. We radiologists have participated ethi- 
cally in that type of environment for many years. Almost all 
forms of practice have a potential for abuse by the morally 
bankrupt. Abuses are avoided by imparting to our radiology 
trainees the key role of the radiologist as an arbitrator be- 
tween patient concerns and the referring physician's need to 
establish a diagnosis. 

The radiologist is not a referrer of patients yet he or she 
has certain ethical obligations to fulfill. To a large-extent these 
were defined in the 1984 American College of Radiology 
Policy Statement on Free-Standing Imaging Centers. Assuring 
appropriate utilization, overseeing quality of patient care, and 
setting of fair fees are among the moral obligations of the 
radiologist who practices in a joint venture. lf the independ- 
ence of the radiologist is not compromised, bioethicists such 
as those at Georgetown University’s Kennedy Institute have 
no moral dilemma in endorsing this form of practice. The 
radiologist who is ethical should have no problem being the 
gatekeeper of referrals because this is a role with which we 
are all familiar. 


Perception of Radiology by the Public and our Medical 
Colleagues 


This area is the toughest to address. Are joint ventures 
perceived as improper? Radiology is a profession and noble 
calling that has flourished because of its high technical and 
ethical standards. The public has grown to respect the ra- 
diologist because of his broad range of knowledge, under- 
standing of radiation, and efforts to limit patient exposure. 
Joint ventures do not in any way prevent the radiologist from 
continuing to adhere to these high standards. Referring phy- 
sicians under the close scrutiny of the radiologist must remain 
unabashedly conservative when requesting imaging proce- 
dures. They must precisely justify to their patients the need 
for radiologic tests and information to be gained by performing 
the tests. Honesty and disclosure are the two best ways to 
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dissipate any imagined air of impropriety. Good men and 
women who place patient needs above financial rewards have 
been and will always be the foundation of our profession. 
Well-trained and ethical radiologists cannot stick their heads 
in the sand and expect this form of practice to disappear. To 
do so might create a void filled by the less knowledgeable or 
unethical. Refusing to acknowledge the existence of joint 
ventures by questioning their ethics will not prevent their 
spread. Legislating their restriction could set off a backlash 
of radiology by primary-care physicians and protectionism 
between the specialties the likes of which we can only imag- 
ine. When prevailing market conditions have created the need 
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for radiologic services, this need is best fulfilled by a qualified, 
honest, hard-working radiologist. Our professional organiza- 
tions should take a leadership role in establishing guidelines 
for formal peer review so that imaging-center referrals are of 
demonstrable medical necessity. The Accreditation Commit- 
tee of the ACR would be uniquely qualified to develop this 
type of program. Regulations to ensure that the standards of 
care in the free-standing imaging center matches that in the 
hospital environment should be developed. “Taking our bat 
and ball and going home” because we don't like the subtle 
nuances of the game being played represents the best inter- 
ests of neither our profession nor health-care consumers. 


Radiology, It’s Not the Same! 


Jerome F. Wiot' 


it is appropriate that | first ex- 
press my deep appreciation to my 
colleagues who have given me 
the great honor of serving as the 
President of the American Roent- 
gen Ray Society, the oldest Amer- 
ican radiologic society. It is unfor- 
tunate that so few years are avail- 
able in a lifespan to receive this 
honor, and there are so many who 
are so deserving. | am a very lucky 
man. 

Now that | am President, the 
really hard work, planning the pro- 
gram, is behind me, but the posi- 
tion of President is far from being 
simply honorary and | am fully aware that much is expected 
of me if | am to measure up to the distinguished radiologists 
who have preceded me as President. 

All of our radiologic organizations have serious obligations 
today. There is no place for the leadership of any of them to 
sit back and enjoy the view, nor can our membership turn 
over the reins to its leaders and be nonparticipants except to 
enjoy the benefits. Radiology and all of medicine are different 
from what most of us grew up with and from what all of us 
would like it to be. Our specialty must respond to these 
differences and the changing medical environment, and all of 
us must help. 

Medicine and radiology have been good to me, as they 
have to you. By becoming radiologists, we attained a status 
in society that affords us community respect and a better- 
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than-average standard of living. Our colleagues, our patients, 
and our communities have placed a relatively high value on 
our contributions to the health care process. Traditionally, we 
have been supported by our hospitals and provided with the 
most expensive devices in all medicine. 

Many of these devices and the diagnostic procedures we 
produce with them have arisen out of research fostered by 
this society. Radiology is a learned profession. In joining it, 
we accept the responsibility to be teachers and to share with 
others the end products of our research. So | applaud those 
who have worked so hard to make our meeting a success. | 
salute the willingness of our speakers and our scientific 
exhibitors to present their findings, and our refresher course 
faculty for sharing their expertise with us. 

This is a special year for the ARRS as the editorials ip of 
our journal is passing from Mel Figley to Robert Berk. Our 
journal has made giant forward steps under Mel and is now 
the premier journal in our field. Under Bob, it will continue to 
grow, and all of us and our patients will benefit. 

| have had a rare privilege in radiology. My colleagues have 
honored me with the presidencies of the American College of 
Radiology, the American Board of Radiology, and now the 
American Roentgen Ray. | guess they are giving me one more 
chance to “get it right,” but | do know it’s “three strikes and 
out,” and so this is my last opportunity to use the Chair to 
talk about our specialty. 

Each of these organizations has a distinctive role to play. 
The content of the Board examinations defines radiology, and 
the advances in our science, like those presented here this 
week, define the Board examinations. The Board constantly 
has demands for change, like the current request for added 
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qualifications. | am the Chairman of the committee studying 
this question and, although | won't try to predict the Board’s 
action, | can promise that it will listen to all aspects before 
making a final decision. 

When | was a Chancellor and then President of the College, 
| got intensely involved with other vital dimensions of our 
specialty. It was natural for me to gravitate to the education 
efforts. But | saw up close the effort to provide a strong base 
for the practice of radiology. | also recognized that those 
efforts were just as important for those of us in academia as 
they were for those in community hospitals and offices. 

Here, in the American Roentgen Ray Society, | am again 
involved with the dynamics of research and education. Those 
of us with a touch of gray can ponder the role of this society 
and its siblings in keeping us up to useful levels of competence 
in our life's work. Each year, our meeting and the Journal 
provide a new draught of radiologic progress. It offers a 
mixture of the practical and the esoteric, the basic and the 
applied sciences, the hands-on practicality of the refresher 
course, and the intense saturation of the categorical course. 
But, our meeting also provides the opportunity for good 
fellowship and the opportunity to explore other than the 
scientific aspects of our specialty. 

And so, as we learn about changes in the science of 
radiology we also learn much about changes in the practice 
of radiology. 

| want to dwell now, for a few minutes, on some of those 
changes in the practice of radiology. As | have said publicly, | 
am a traditionalist about medicine. | believe that doctors 
should qualify themselves to practice a branch of medicine 
and should then concentrate on that specialization. | believe 
that doctors should cooperate with each other on the basis 
of what services are needed to diagnose and treat the patient, 
and | believe that doctors should be compensated by their 
patients for services rendered. Inherent in all of these is the 
belief that we are professionals who will place the interests 
of our patient ahead of our own finances or ambitions. 

In our practice lifetimes, we went through the process of 
achieving independence for our specialty, and we succeeded 
and prospered. But now, the traditional patterns are being 
Swept away by a series of new medical structures and 
combinations. 

These new combinations are changing the basic relation- 
ships of doctors to doctors, doctors to hospitals, doctors to 
health insurance programs, and even doctors to patients. The 
new dimensions are management, structure, capital, and 
control. 

Some of the management was there all along. We couldn't 
function without at least rudimentary management for our 
office, our department, or our hospital. But, we are busy 
doctors interested in patient care and too often tend to ignore 
management. Some of us ignored management and got away 
with it because somebody else did it for us. However, some 
of those who managed us, or managed for us, did not do so 
with our best interest or the patient's best interest at heart. 
But they lacked control. 

Some of the structure was there all along. A good hospital 
is a wondrously formed contrivance of people and things. The 
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network of independent physicians in most communities has 
been a wonderful example of how laissez-faire incentives 
meet market demands. We looked to the city or county for 
preventive services and to the county or state for indigent or 
long-term care. Those were structures, even if they were 
often short on management and lacked centrol. 

Some of the capital was there all aiong. Where other 
doctors might start with a stethoscope and a black bag, we 
always needed our expensive hardware. Most of the time, 
we found somebody else to put up the money for our bigger 
and shinier equipment. If we wanted something new in our 
hospital, we had only to mention that St. Elsewhere just 
bought one. The money came from somewhere. 

Finally, some controls were there. But, they were our 
controls, our own good intentions, our own standards, and 
our own professionalism. We didn’t need, certainly didn't 
want, any other controls. 

Two and a half years ago, from the presidential stump of 
the American College of Radiology, | told radiologists to keep 
their own peace, to avoid foreign entanglements, to do their 
own thing, and to suspect the motives of those who would 
change us. 

But, as a practical matter, | now tell you that we must trim 
our sails to the winds of change. Those four things that | 
mentioned, management, structure, capital, and control, have 
shattered the adequacy of our historie patterns and are 
changing the way health care is delivered. Whether medicine 
and radiology will be the better or the worse for them becomes 
our critical task at hand. 

In our traditional patterns, a clinician made referrals to us 
because he needed our help. We didn’t solicit patients directly. 
He got no revenue from our services. The patient paid two 
physicians for doing what each does best and got two serv- 
ices, each contributory to the care needed. 

But, along came the ambulatory care center, the surgicen- 
ter, the emergicenter, and, most recently, the imaging center. 
Each influences health care delivery, including radiology. 

Who sponsors imaging centers? Almost anyone. Who 
works in imaging centers? Mostly, but not always, radiolo- 
gists. Is this good medicine? Good radiology? It all depends. 
Who will if we don’t? Almost anyone. Shauld we get involved? 
It all depends. 

Some of us can remember when the neighborhood grocery 
was owned by a couple who knew their customers by name, 
offered credit, made deliveries, and kept friends. But most of 
them succumbed to the efficiencies of the supermarket and 
the convenience store. So it is now, a couple of decades later, 
with medicine. 

Many emergicenters have imaging capabilities. Are they 
any good? It is unlikely that they meet the standards of our 
departments. But they are there and they are busy. 

Some of our non-radiology colleagues have expanded their 
practices to include imaging techniques. Do these match the 
quality of our radiology department? It is unlikely. Do they do 
adequate, acceptable work? It all depends. 

The College Code of Radiological Ethics asserts that radi- 
ologists should avoid routinely interpreting images where they 
cannot control the quality. More recently, we have agreed 
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that we should avoid situations where non-radiologists profit 
directly from the decision to seek imaging consultations. | 
believe both of these and | support them. 

| still remain concerned about the problem of self-referral 
and its potential abuse. But this relates not only to self-referral 
imaging but also self-referral cardiac catheterization, endos- 
copy, and laboratory studies. The potential for abuse is great 
and has been demonstrated. The level of abuse is unknown. 
However, only legislation or change in reimbursement meth- 
ods can stop those who would abuse it. | fear this is not likely 
to happen. 

In our practice lifetimes, radiologists have multiplied be- 
cause our specialty has been a dynamic, exciting, aggressive, 
and rewarding part of medicine. We perform many services 
that replace the activities of other physicians. 

With a generalized abundance of physicians, and patient 
movement to controlled group practices, all physicians now 
confront the same decline in volume that we face. So we 
should not be surprised when the neurologists or orthopedists 
or pulmonologists, or whoever, in an even greater number 
than in the past, decide to do some of their own imaging. 
And, unfortunately, | believe, all of our protests about base 
motives, self-referral and, most of all, lack of quality will not 
deter them. 

The point is that a substantial amount of medical imaging 
is being done in facilities not under the ownership or control 
of radiologists and probably will increase. 

So, after much soul-searching, | now think that radiologists, 
under proper circumstances, must get involved in these other 
imaging facilities. In saying this, I've changed my mind in 
public, and, almost assuredly, angered some very good 
friends. 

So, why have | changed my mind? 

First, because the patients who are cared for in these 
facilities will be better served if radiologists exercise control 
over image quality and provide the interpretation. 

Second, if we insist upon maintaining our standards, we 
can influence the pattern of imaging procedures, exert a 
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negative influence on unnecessary studies, and impose qual- 
ity controls and radiation protection programs of benefit to 
all. 

Third, we will be serving the medical community, of which 
we are inescapably a part. We can help to avoid creation of 
yet more redundant facilities. 

Fourth, we can continue to insist that imaging is the practice 
of radiology and show that we do it best! 

And thus, in my mature years, | come to a somewhat 
different decision spawned of necessity. But the terms and 
conditions are all important. 

In my judgment, no radiologist should accept an arrange- 
ment where he or she does not control image quality and 
interpretation. No radiologist should participate in an arrange- 
ment where he or she cannot influence the choice of proce- 
dures. No radiologist should participate in an arrangement 
where his or her services are not made known to the patient. 
And no radiologist should participate in an arrangement where 
he or she does not respect the integrity of the other physicians 
and entrepreneurs involved. 

So, what it all depends upon, in answer to my earlier 
question, is that no radiologist should be part of an arrange- 
ment that detracts from his or her own integrity. These new 
arrangements will leave us in different patterns from our 
traditional ones. But, if we hold to our principles, the new 
ones can be good for patients and for us as well. 

What has all this to do with the American Roentgen Ray 
Society and its activities? All of this change makes even more 
important the role of the societies of radiology in keeping our 
specialty strong and significant. We may apply our skills in a 
different setting, but our continued competence and leader- 
ship depend on the body of knowledge set forth by this 
society and its siblings. The science of radiology remains our 
birthright and our bastion in these changes. So long as we 
lead the way, radiology will survive and prosper. So long as 
there is radiology, the American Roentgen Ray Society will 
serve it well. | am honored to be its President for the coming 
year. 
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1986 ARRS Awards for Distinguished Service to Radiology 


Jerome F. Wiot 


One of the pleasant responsibilities of being President is 
having the opportunity to say good things about good people. 

The American Roentgen Ray Society Award for Distin- 
guished Service to Radiology this year recognizes not only 
four outstanding radiologists, but also four outstanding hu- 
man beings. Each has made contributions to our specialty 
scientifically, which alone would earn them an award for 
distinguished service, but in addition, each has, through in- 
volvement with students, residents, our nonradiologic col- 
leagues, and just people, brought recognition and respect for 
all of radiology. We are all in their debt for their efforts. 


Sidney W. Nelson 


Sidney W. Nelson was Pro- 
fessor and Chairman of Ra- 
diology at Ohio State Univer- 
sity Medical School from 
1955 to 1975 and is now a 
practicing radiologist in Se- 
attle, WA, and Clinical Pro- 
fessor of Radiology at the 
University of Washington. His 
contributions to education 
have resulted in his being rec- 
ognized with many awards 
including Chairman of the Executive Committee of our Soci- 
ety, the Presidency of the American Board of Radiology, the 
AUR and SCARD among others. He is “the father” of the 
categorical course, which has been one of our premier edu- 
cational efforts. He is a Gold Medalist of the American College 
of Radiology. Probably one sentence from Harold Jacobson 
Says it best, “His professional accomplishments, his teaching 
talent, his organizational ability, and his personal attributes 
have established him in the very front ranks in his profession.” 





Seymour Fiske Ochsner 


Seymour Fiske Ochsner, 
retired Chairman of both Di- 
agnostic and Therapeutic 
Radiology at the Ochsner 
Clinic, did not retire from his 
contributions, both to his de- 
partment and to radiology. In 
addition to his talent as an 
academician and scientist, 
Seymour has done much for 
radiology by his commitment 
to serve as radiology’s rep- 








resentative to medical societies other than those in radiology. 
He has led the radiology delegation to the AMA and has been 
Chairman of the Section Council for mamy years. His quiet 
wisdom and gentle approach have won many rewards for our 
specialty in organized medicine. In 1975, he was elected 
President of our Society and has continued to serve it to this 
day as its representative to the AMA. He is the recipient of 
the Gold Medal of the American College of Radiology in 
recognition of his many contributions. Prebably the fact that 
he was chosen to convene the first Radiology Summit Meet- 
ing in 1979 demonstrates best the respect that all of radiology 
has for Seymour Ochsner. This year, he will retire as an active 
member of the Department of Radiology at Ochsner, but 
fortunately for all of us, he has promised to stay active in 
radiology circles. The ARRS does itself proud by recognizing 
this great man with the Award for Distinguished Service to 
Radiology. 


Paul A. Riemenschneider 


Paul A. Riemenschneider 
has been a major contributor 
to the improvement of our 
field since he completed his 
residency in 1950 under Dr. 
Merrill Sosman. From 1950 
until 1964, he was a faculty 
member and then chairman 
of Upstate Medical Center in 
Syracuse. Since 1964, he 
has been Chief of Diagnostic 
Radiology at Cottage Hospi- 
tal in Santa Barbara, CA. Paul was President of the ARRS in 
1979 and has also served as President of the AUR. In 1982, 
he received the Gold Medal of the ACR. In addition to being 
a trustee of the ABR, he has chaired its Goals and Objectives 
Committee for the past 4 years, which is a reflection of the 
respect and trust that his fellow trustees have in Paul. His 
contributions to radiology have been exceeded only by his 
dedication. He is always there when our specialty needs his 
wisdom. Perhaps a friend said it best when he said, “Paul 
always seems to have time for people mo matter what their 
problem.” Like many others, | have benefited from that and | 
am very grateful for his willingness to share his wisdom. Paul 
Reimenschneider is a well-deserving recipient of the ARRS 
Award for Distinguished Service to Radiology. 
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John F. Roach 


John F. Roach, like our 
other three Awardees, is a 
well-deserved recipient of the 
ARRS Award for Distin- 
guished Service to Radiol- 
ogy. After completion of his 
residency at Johns Hopkins, 
he joined that faculty and 
was Chief of Radiology from 
1947 to 1950. In 1950, he 
became Professor and Chair- 
man at Albany Medical Cen- 
ter and held that position until 1977. John has made many 
scientific contributions to our specialty, including the original 
clinical work on xeroradiology, and was the first to use 





DISTINGUISHED SERVICE AWARDS 421 


xeroradiology for mammography in the early 1950’s. John 
served this Society with great dedication, having been Chair- 
man of the Publications and Editorial Committee for 12 years, 
and was elected President in 1970. John is unique in that he 
served for 18 years as a trustee of the ABR. He also served 
as Treasurer, Vice President, and President. During his last 6 
years of service on the Board, he was a member of the 
Executive Committee of the American Board of Medical Spe- 
cialties and is the only radiologist ever to serve as President 
of this very important medical specialty organization. In 1977, 
John resigned as Chairman of the Department in Albany and 
became Executive Secretary of the State Board of Medicine 
of New York, a position he held until 1982. He then returned 
to Albany as Vice Chairman of the Department, but just for 6 
months. He is still in that position. When | asked John why, 
his response was very characteristic. “I love the residents and 
| love to teach them. That’s what | do best.” 
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Report of the 86th Annual Meeting of the American 


Roentgen Ray Society 


Raymond A. Gagliardi’ 


The 86th annual meeting of the American Roentgen Ray 
Society (ARRS) was held April 13-18, 1986, at the Sheraton 
Washington Hotel in Washington, DC. Washington was beau- 
tiful at the time of arrival with the flowering crabapple trees 
and the dogwood and cherry blossoms all in full bloom. 
Unfortunately, the weather became cooler and deteriorated 
as the week wore on, but the meeting was an unqualified 
scientific and social success. 

The meeting officially began on Monday morning with the 
installation of Jerome Wiot of Cincinnati, OH, as the 87th 
President of the ARRS. He was installed in his new office by 
retiring President Eugene Gedgaudas and Executive Com- 
mittee Chairman Stan Siegelman. His address to the Society 
is printed elsewhere in this issue. President Wiot reviewed 
some of the problems facing radiologists today in the new 
environment of competition and budgetary restraints. He em- 
phasized his own change in views from the more traditional 
attitudes toward medical practice that he held several years 
ago as opposed to the new realities that require adaptation 
to competitive situations in which the radiologist must be 
prepared to respond not only to economic, but scientific 
pressures as well. AS an example, he reviewed his own 
change of heart from a position of opposition to participation 
of radiologists in free-standing medical centers to his present 
view in which he now feels that qualified radiologists should 
participate, both to protect their own interests and those of 
the patient. It was his view that the radiologist would prosper 
most who continued to show that he had a superior scientific 
product to offer. 

The annual ARRS golf tournament was held at the Ken- 
wood Golf Club in Bethesda, MD. The weather was absolutely 
perfect and the hospitality offered by the club was outstand- 
ing. 

The Manges Trophy for low net score was won by Frank 
Angell of Baltimore while the award for low gross was again 
given to John Pallin of Little Rock, AR. 

The ARRS Tennis Tournament had the following winners: 
David Hunter, Manuel Madayag, and Tom Guyton. 

The scientific program began on Monday. Dr. Wiot had 
selected 189 papers covering all phases of radiology. Once 
again this year the number of excellent papers submitted was 


far in excess of the number that could be presented. Three 
parallel sessions were held for a total of 18 scientific sessions. 

Under the direction of Glen Hartman and Richard McLeod, 
48 instructional courses were offered. Again, none of these 
conflicted with the scientific sessions or the categorical 
course. The categorical course for 1986 was arranged by 
Anthony V. Proto and Reginald Greene. The subject was 
chest radiology and attracted the largest number of regis- 
trants ever at a categorical course. The total number of 
registrants exceeded 600. 

The scientific exhibit space at the Sheraton Washington 
was the largest available to us and made it possible to exhibit 
205 scientific offerings. They were well arranged and allowed 
ample room for quiet viewing and study in the fine facility 
offered. The Case of the Day was centrally located and 
attracted a wide participation. The program was planned by 
Drs. Marvin L. Hinke and Joseph Sackett amd presented some 
of the toughest cases we have seen in recent years. 

Elsewhere in this issue the abstracts of the award-winning 
scientific exhibits appear along with the titles and exhibitors 
of the exhibits especially honored. Major awards were: Gold 
Medal for “The Natural History of Thoracic Aortic Disease” by 
Jaime Tisnado, M.D., Shao-Ru Cho, M.D., and Michael C. 
Beachley, M.D., of Richmond, VA; the Silver Medal for “Dual 
Energy Subtraction in Digital Chest Radiegraphy: Measure- 
ment of Calcium in Pulmonary Nodules” by Robert Fraser, 
M.D., Nancy M. Hickey, M.D., Loren Niklason, Ph.D., and 
Gary T. Barnes, Ph.D., of Birmingham, AL; and the Bronze 
Medal for “Magnetic Resonance Imaging of the Temporoman- 
dibular Joint” by Steven E. Harms, M.D., Randall M. Wilk, 
B.A., Larry M. Wolford, D.D.S., Stephen B. Milam, D.D.S., 
and Donald G. Chiles, D.D.S., of Dallas, TX. 

On Wednesday, the Special Awards Program was held 
and, in addition to the Caffey Award Paper of the Society for 
Pediatric Radiology and the Roscoe E. Miller Paper of the 
Society of Gastrointestinal Radiologists, the special papers 
presented by resident radiologists were also given. The Pres- 
ident’s Award Paper with an honorarium of $1000 was “Mag- 
netic Resonance Imaging of the Shoulder: Evaluation of Nor- 
mal Anatomy Using High-Resolution Multiplanar Scanning 
with a Dedicated Surface Coil” by Drs. Leanne L. Seeger, 
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Lawrence W. Bassett, Richard D. Kahmann, Stephen P. Kay, 
Harvard Ellman, and June T. Ruszkowski of Los Angeles, CA 
and New York, NY. The Executive Council Award papers 
carrying an honorarium of $500 were “Magnetite Albumin 
Microspheres: A New Tissue-Specific Reticuloendothelial Su- 
perparamagnetic MRI Contrast Agent” by Donald J. Widder, 
W. Lawrence Greif, David D. Stark, Thomas J. Brady and 
Kenneth J. Widder of Boston, MA, and San Diego, CA; and 
“MRI of the Lumbar Spine: Anatomic Correlations and the 
Effects of Technical Variations” by Murray A. Reicher, Richard 
H. Gold, Van V. Halbach, Bonnie D. Flannigan, Wolfgang 
Rauschning, Gabriel H. Wilson, and Robert B. Lufkin of Los 
Angeles, CA. 

Special awards from the American Roentgen Ray Society 
for distinguished service to Radiology were given by President 
Wiot to Sidney W. Nelson of Seattle, WA, Seymour Fiske 
Ochsner of New Orleans, LA, Paul A. Riemenschneider of 
Santa Barbara, CA, and John F. Roach of Albany, NY. The 
four special recipients were described as radiologists who 
had not only made a significant contribution to the American 
Roentgen Ray Society but, more importantly, had made con- 
tinuing major contributions to the entire specialty. 

The 66th Caldwell Lecture was presented by Dr. Benjamin 
Felson, Professor of Radiology at the University of Cincinnati. 
Dr. Felson chose as his topic “Armchair Research and the 
Practicing Radiologist.” It was vintage Felson being scholarly, 
scientific, and at the same time entertaining. Dr. Felson re- 
viewed a series of important contributions made by radiolo- 
gists who were not necessarily university-affiliated, but who 
were able to make major observations on the basis of their 
own clinical experience and basic curiosity. Dr. Felson was 
greeted with a standing ovation at both the beginning and the 
end of an outstanding Caldwell Lecture. 

The program for accompanying persons was an especially 
outstanding one, arranged by Charles and Melba Bickham. 
Washington is a city with almost unlimited resources for 
sightseeing and these were well exploited by our Local Ar- 
rangements Committee. An especially popular tour was a 
night tour of Washington with all the major monuments lighted 
and with special gourmet restaurants available to those who 
wished to dine after the tour. 

Once again the ARRS was able to introduce an exciting 
innovation that made the meeting even more productive for 
the registrants. On the first four days of the meeting, a box 
lunch was available. In addition to the lunch, there were 
outstanding speakers provided by the American College of 
Radiology in concert with the American Roentgen Ray Soci- 
ety. The subjects were mostly socioeconomic and touched 
on many aspects of some of the present problems facing 
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radiologists. The speakers and the subjects were: Ronald G. 
Evens, M.D., on “New Forms of Medical Care, HMOs, PPOs, 
etc. What They Mean to Radiology,” Otha W. Linton on 
“Federal Programs Affecting Radiology,” Thomas Dehn on 
“The Radiology Interface with Alternate Delivery Systems,” 
and Steven Hirschtick on “The Radiologist’s Economic and 
Ethical Role in Free-Standing Imaging Centers.” 

Following the successful introduction of the Friday sympo- 
sium in 1985, it was decided that this should be repeated and 
the Friday morning meeting equaled the success of last year. 
Under the direction of Lee Rogers and Jack Edeiken, the 
Symposium on Skeletal Imaging Update was well attended 
and provided a concentrated experience covering all major 
advances in skeletal imaging. 

Because of the excellent reception given to the luncheon 
meetings and the Friday symposium, these will be continued 
at the 1987 meeting. Tentatively, the meeting for 1987 will 
cover Genitourinary Imaging under the chairmanship of Glen 
Hartman. 

At the final ARRS business meeting, the following officers 
were elected for 1986-1987: President-Elect, Raymond A. 
Gagliardi, Pontiac, MI; First Vice President, Lee F. Rogers, 
Jr., Chicago, IL; Second Vice President, Gerald D. Dodd, 
Houston, TX; Secretary, Glen W. Hartman, Rochester, MN; 
Treasurer, Ronald G. Evens, St. Louis; MO; Chairman of the 
Executive Council, Rosalind H. Troupin, Philadelphia, PA; 
Executive Council, George F. Leopold, San Diego, CA. New 
committee members elected were: Publications and Editorial 
Policy Committee, Nancy C. D. Whitley, Baltimore, MD; Sci- 
entific Exhibits Committee, Anthony V. Proto, Richmond, VA; 
Finance and Budget Committee, Franklin Angell, Baltimore, 
MD; and Advisory Committee on Education and Research, 
Richard McLeod, Rochester, MN. 

The meeting was a successful one, both from the point of 
view of scientific content and from the large registration. The 
meeting remains relatively small, however, so that it is a 
peaceful learning experience without feeling the pressure of 
large crowds and competition for space. Plans are underway 
for the 1987 meeting in the Fontainebleau Hilton Hotel in 
Miami Beach, FL, from April 27 through May 2. This hotel has 
been completely renovated and will be a slight change-of- 
pace for the Society because it will not only offer the educa- 
tional experience, but will provide an opportunity for the 
members to avail themselves of a short vacation for them- 
selves and their families at the time when Florida weather is 
at its best. 

We hope to see all of the 1986 attendees and even more 
in Miami Beach. 
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(Left to right) Ray Gagliardi, Ron Evens, Barton Young, Charles Bickham, Ray Gagliardi, Pat Gagliardi, Don Kirks, Andy Wiot, Jerry Wiot, Ben Felson. 





(Left to right) Ken Krabbenhoft, Don Kirks, Paul Riemenschneider, Otha Linton, Diana Linton, Exhibit Hall. 





(Left to right) Seymour Ochsner, Bobby Ochsner, Harley Carlson, Joyce Carlson, Jerry Wiot, Doug Eamon, Gil Herbert, Jonn Gwinn, Joe Calhoun. 
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(Left to right) Paul Fullegar, Glen Hartman, Dorothy Hartman, Andy Wiot, Jerry Wiot, Mel Figley, Peggy Figley, Stan Siegelman. 
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ARRS Award-Winning Scientific Exhibits, 1986 


Over 200 scientific exhibits were selected for display at the 
ARRS 1986 meeting in Washington, DC. The Committee on 
Awards selected three medal winners and named 22 exhibits 
for certificates of merit. 

Elsewhere in this issue is an application form and 
instructions for submitting scientific exhibits for the 1987 
ARRS meeting in Miami Beach, FL, April 27-May 1. 

The 1986 meritorious exhibits are: 


Gold Medal Exhibit 


Magnetic resonance imaging of the temporomandibular joint. 
Harms SE, Wilk RM, Wolford LM, Milam SB, Chiles DG (Baylor 
University Medical Center, Dallas, TX) 


A series of over 180 patients with suspected temporomandibular 
joint (TMJ) disease are evaluated with high resolution MRI. The 
anatomy of the joint including the disc, condyle, eminence, fossa, 
pterygoid muscles, and adjacent tissues are routinely visualized. T1- 
weighted images in the open and closed mouth positions are useful 
in defining disc anatomy. T2-weighted images are useful for identify- 
ing joint effusions and inflammatory changes. Abnormalities demon- 
Strated include anterior displacement of the disc with and without 
reduction, inflammatory changes, disc perforation, bony changes, 
postoperative changes, and disc adhesions. Patient acceptance is 
better than conventional imaging modalities since no ionizing radiation 
is used and no painful joint injections are required. MRI can efficiently 
produce high resolution images of the TMJ with superb diagnostic 
quality. MRI could become the primary imaging method for evaluating 
patients with suspected TMJ disease. 


Silver Medal Exhibit 


Dual energy subtraction in digital chest radiography: measure- 
ment of calcium in pulmonary nodules. Fraser RG, Hickey NM, 
Niklason L, Barnes GT (University of Alabama, Birmingham, AL) 


A second-generation prototype digital apparatus dedicated to 
chest radiography possesses numerous improvements over the first 
generation unit, including a facility for dual-energy subtraction that 
permits identification and quantification of calcium within pulmonary 
nodules. Two studies are incorporated in this exhibit: (1) estimation 
of varying calcium content of simulated nodules placed within the 
lungs of a frozen, unembalmed human chest phantom; and (2) 
estimation of calcium content of solitary pulmonary nodules in pa- 
tients. Nodules that have been surgically resected have been radi- 
ographed, examined histologically, and subjected to chemical analy- 
Sis of calcium content. Results indicate that dual-energy subtraction 
digital radiography possesses an ability to assay nodule calcium 
content both in vivo and in vitro that compares well with the results 
of chemical analysis of resected nodules and with actual calcium 
content of simulated nodules. 


Bronze Medal Exhibit 


The natural history of thoracic aortic disease. Tisnado J, Cho S, 
Beachley MC (Medical College of Virginia, Richmond, VA) 


In this exhibit we illustrate the natural history of thoracic aortic 
disease with serial aortograms obtained from few months to about 
20 years apart in several patients with congenital anomalies of the 
aortic arch, atherosclerotic and other aneurysms-of the thoracic aorta, 
aortitis, thoracic aortic dissection, and acute traumatic rupture. The 
role of CT and digital subtraction angiography in the evaluation of 
thoracic aortic disease will be demonstrated in selected patients. A 
radiologic-pathologic correlation will be presented in some patients. 


Certificate of Merit Exhibits 


Complications of endoscopic retrograde cholangiopancreatogra- 
phy. Roszler MH, Campbell WL (Presbyterian-University Hospital, 
Pittsburgh, PA) 


The role of ultrasound in the evaluation of patients with question 
of pancreatic mass on CT. Ormson MJ, Charboneau JW, Stephens 
DH (Mayo Clinic, Rochester, MN) 


The role of MRI in the evaluation of surgical resectability and 
extent of hepatic neoplasms. Mukai JK, Stack CM, Gould Ru, Turner 
DA, Petasnick JP, Doolas A, Murakami ME, Matalon RA (Rush- 
Presbyterian-St. Luke’s Medical Center, Chicago, IL) 


The search for abscess: value of computerized tomography and 
indium-labeled white blood cell imaging. Brinsko RE, Kenney PJ, 
Patel DV, Samin A (SUNY Upstate Medical Center, Syracuse, NY) 


The role of radiology in the diagnosis and management of pseudo 
obstruction in the geriatric population. Adler YT, Markey WS, 
Draths K (Rush-Presbyterian-St. Luke’s Medical Center, Chicago, IL) 


Minimal breast cancers: radiology and outcomes. Frankl G, Ack- 
erman M (Kaiser Permanente Medical Center, Los Angeles, CA) 


Resident orientation to emergency radiology. Joyce JM, Fisher L, 
Riddervold HO, Gay SB (University of Virginia Medical Center, Char- 
lottesville, VA) 


Gd DTPA: An IV contrast agent for MRI investigation of intracranial 
neoplastic disease. Runge VM, Price AC (Vanderbilt Institute, Nash- 
ville, TN) 


The new contrast media for neuroradiolegy. Binet EF, Angtuaco 
EJC, Tirman PF (John L. McClellan Memorial VA Hospital, Little Rock 
AR) 


High resolution magnetic resonance imaging of the knee: clinical 
update. Reicher MA, Hartzman S, Duckwiler G, Gold RH, Bassett 
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LW, Rauschning W (University of California, Los Angeles, Los Ange- 
les, CA) 


MRI of musculoskeletal tumors at 1.5 TESLA. Burk DL Jr, Kanal E, 
Brunberg JA, Goodman MA, Wolf GL (Pittsburgh NMR Institute, 
Pittsburgh, PA) 


Aortic arch development. Whitman S, Smith BR, Effman EL (Duke 
University Medical Center, Durham, NC) 


Relief of pulmonary vascular obstruction associated with the adult 
respiratory distress syndrome (ARDS) following streptokinase 
infusion. Greene R, Jantsch H, Reid L, Zapol W (Massachusetts 
General Hospital, Boston, MA) 


Plain film temography of solitary pulmonary opacities. Huston J, 
Muhm JR (Mayo Clinic, Rochester, MN) 


The Gianturco stent (expandable metallic stent): laboratory ex- 
periments and clinical applications. Charnsangavej C, Wright KC, 
Carrasco CH, Richli W, Wallace S, Gianturco C (The University of 
Texas, M. D. Anderson Hospital and Tumor Institute, Houston, TX) 


Magnetic resonance imaging of pediatric hip disease. Glass RBJ, 
Poznanski AK, Rogers LF, Gore RM, Fisher MR (The Children’s 
Memorial Hospital, Chicago, IL) 
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The metaphyseal lesion in abused infants: a radiologic-histopath- 
ologic study. Kleinman PK, Marks SC Jr, Blackbourne BD, Cunnion 
MR (University of Massachusetts Medical Center, Worcester, MA) 


lohexol in pediatric urography. Siegle RL, Magill HL, Clarke EA, 
Fitch SJ, Ramirez R, Boulden TF (University of Texas Health Science 
Center, San Antonio, TX) 


MRI of the head and neck in the pediatric patient. Dietricn RB, 
Lufkin R, Kangarloo H, Hanafee WN, Wilson G (University of Califor- 
nia, Los Angeles, Los Angeles, CA) 


Ultrasound-guided transperineal prostatic biopsy. Fornage BD, 
Dicandio J (Institut Jean Godinot, Reims, France) 


Ultrasound versus intravenous urography in the preoperative 
evaluation of patients with benign prostatic hypertrophy. Saigh 
JA, Cascione CJ, Imray TJ, Hanson GL (University of Nebraska 
Medical Center, Omaha, NE) 


Imaging the scrotum and its contents: pathologic correlation. Rao 
BK, Kottamasu SR, Madrazo BL, Bonsib SM, Raju U, Uehling D 
(University of Wisconsin Health Science Center, Madison, WI) 
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American Roentgen Ray Society New Members 


During the 1986 annual meeting of the American Roentgen branches in the U.S. or Canada, and sponsored by two ARRS 
Ray Society (ARRS) in Washington, DC, 294 applicants were members. 
elected to Society membership, six to corresponding A members-in-training category of membership was 
membership, and 195 to in-training membership. New established during the 1985 meeting. Membership is reserved 
members are listed below. for physicians in a radiology residency or in a postresidency 

Active members of the society must be graduates in good fellowship program. An application form is elsewhere in this 
standing of an approved medical school or hold an advanced issue or may be obtained by writing: Resalind H. Troupin, 
degree in one of the physical, chemical, or biologic sciences. M.D., Dept. of Radiology, Hospital of University of 
They must be board certified, active in radiology or one of its Pennsylvania, 3400 Spruce St., Philadelphia, PA 19104. 


Active Members 


Ronald C. Ablow, New York, NY 

Tod G. Abrahams, Indianapolis, IN 

Donn C. Alexander, Escondido, CA 
Bradford T. Allan, Plymouth, MN 
Gregory J. Allen, San Francisco, CA 
Robert M. Allman, Washington, DC 
Michael B. Alpern, Ann Arbor, MI 

Gregg D. Alzate, Del Mar, CA 

John A. Amberg, San Diego, CA 

Gary M. Amundson, Calgary, Alberta, Canada 
Errol C. Anderson, The Woodlands, TX 
William L. Ashburn, La Jolla, CA 

John P. Badami, Il, Burlington, MA 

Harry Bailey, Coronado, CA 

Richard A. Baker, Waban, MA 

Thomas J. Barloon, Swisher, IA 

Poonam Batra, Los Angeles, CA 

Richard |. Benz, Escondido, CA 

Jack L. Berger, Winter Park, FL 

Phillip Berman, Massena, NY 

Lawrence P. Bogle, San Diego, CA 
Joseph J. Bookstein, La Jolla, CA 
Charles T. Bonstelle, Phoenix, AZ 
Donald E. Boye, Oakland, CA 

William Edward Brant, Davis, CA 
Thomas G. Brault, National City, CA 
Ethan Malcolm Braunstein, Ann Arbor, MI 
Patrice M. Bret, Montreal, Quebec, Canada 
Jerome J. Brosnan, Glenview, IL 
Lawrence D. Brotman, Harlingen, TX 
Richard T. Browne, West Bloomfield, MI 
Barry B. Campbell, Carlsbad, CA 

Patrick H. Carey, San Diego, CA 

Bert R. Carollo, Oklahoma, OK 

Roberta L. A. Carroll, Boston, MA 
Velma E. Casanova-Curcio, Gaithersburg, MD 
Munn Wey Chin, Escondido, CA 

Peter L. Choyke, Bethesda, MD 

Robert J. Churchill, Wheaton, IL 

Richard H. Cohan, Durham, NC 

Henry S. Cohen, Covington, GA 

Dewey J. Conces, Jr., Indianapolis, IN 
James R. Collins, Bonita, CA 

W. Howard Cooper Ill, Pensacola, FL 
David A. Cory, Indianapolis, IN 

Glendon G. Cox, Kansas City, MO 
Christopher M. Curcio, Gaithersburg, MD 
Michael J. Curtin, Madison, WI 

Abraham H. Dachman, Silver Spring, MD 
Douglas Duane Dahl, Great Falls, MT 
Eric P. Daniels, Del Mar, CA 

Nilima Dash, Pittsburgh, PA 

Alan J. Davidson, Washington, DC 

Marc B. D'Avigon, Harwinton, CT 

Roy R. Deffebach, Hillsborough, CA 
Jonathan Davis Dehner, St. Louis, MO 


Jacques F. Demers, La Pocatiere, Quebec, Canada 


Donald F. Denny, Jr., New Haven, CT 
Donald C. Donahue, Asheville, NC 

Dale R. Doran, London, Ontario, Canada 
Stephen M. Dorros, Rancho Santa Fe, CA 
Walter E. Drane, Bethesda, MD 

Richard G. Drewyer, Washington, DC 
Paul Duchesneau, Shaker Heights, OH 
Guy Duckett, Montreal, Quebec, Canada 
Robert G. Dussault, Montreal, Quebec, Canada 
Marcial M. Ebalo, Jr., Scottsdale, AZ 
David K. Edwards Ill, San Diego, CA 
Susan M. Edwards, Alamo, CA 

Douglas L. Eiland, Cape Girardeau, MO 
Larry P. Elliott, Washington, DC 

Richard Ellis, Las Vegas, NV 

Charlies W. Emarine, Jr., San Diego, CA 
Peter J. Feczko, Troy, MI 

Donald G. Ferguson, Canonsburg, PA 
Madeleine R. Fisher, Chicago, IL 

Lucy R. Freedy, Upper Arlington, OH 

Alan D. Fremiand, El Cajon, CA 

Edward E. Frey, lowa City, IA 

Paul Jay Friedman, San Diego, CA 
Raymond W. Fulks, Bonita, CA 

Claudia E. Galbo, Oakton, VA 

Keith W. Gallehugh, Shawnee Mission, KS 
Geoffrey A. Gardiner, Loma Linda, CA 
David Philip Gerstman, Dix Hills, NY 
Owen J. Gesink, Holland, MI 

Merlyn D. Gibson, Aurora, CO 

Rose C. Gideon, Norman, OK 

Charles M. Glasier, Little Rock, AR 
Ronald Peter Goldberg, Newton, MA 
Mark D. Golub, Carisbad, CA 

Barbara B. Gosink, San Diego, CA 

Robert L. Green, Winston-Salem, NC 
Mario A. Grosso, Tripler AMC, Hawaii 
Matthew Gutowicz, Jr., Norwalk, OH 
Robert A. Halvorsen, Jr., Durham, NC 
Ulrike M. Hamper, Baltimore, MD 

Nabil H. Hannouche, Montreal, Quebec, Canada 
Jay A. Harolds, Oklahoma City, OK 
Pamela H. Haskin, Philadelphia, PA 
Ronald W. Hendrix, Chicago, IL 

Gregory T. Henesy, Potomac, MD 
Charles A. Herbstman, Haworth, NJ 
Samuel Jacob Hessel, Phoenix, AZ 

John Roger Hesselink, San Diego, CA 
Alan L. Hill, Edina, MN 

Bruce Hillman, Tucson, AZ 

Saskia vonWaldenburg Hilton, San Diego, CA 
Bernard W. Hindman, Rancho Palos Verdes, CA 
John M. Holbert, Houston, TX 

Steve A. Holt, Lakewood, CA 

William R. Hoot, Fort Worth, TX 

Mindy M. Horrow, Philadelphia, PA 


J. Larry Howie, Saskatoon, Saskatchewan, Canada 


H. K. Huang, Los Angeles, CA 

Terry M. Hudson, Winchester, MA 
Thomas H. Hunt, Winston-Salem, NC 
S. Robert Hurwitz, Newport Beach, CA 
Fernando F. Illescas, Durham, NC 
Louis H. Jacobs, Atlanta, GA 

Sadasiva B. Jampala, Bloomfield Hills, MI 
Edward A. Janon, La Jolla, CA 

Mark R. Jenkins, San Diego. CA 

Alan R. Johnson, Gaithersberg, MD 
Mable S. Jones, Duncanville, TX 

Myron H. Joyrich, Franklin, MI 

Phoebe A. Kaplan, Omaha, NE 
Kastytis C. Karvelis, Hemdon, VA 
Robert A. Kaufman, Cincinnati, OH 
Sterling Kaye, Rockdale, TX 

Frederick S. Keller, Birmingham, AL 
Katherine lone Kemp, Houston, TX 
Thomas S. Kilcheski, San Diego, CA 
Donald Alexander Killam, Guilderland, NY 
Ronaid L. King, Virginia Beach, VA 
Sheldon A. Kleiman, San Diego, CA 
Daniel B. Kopans, Waban. MA 

Kenyon K. Kopecky, Indianapolis, IN 
Peter C. Kucharski, Indiamhead Park, IL 
Dong L. Kwak, Painted Post, NY 

Elvira V. Lang, San Diega, CA 

Abner M. Landry, Ill, New Orleans, LA 
Robert E. Laster, Jr., Memphis, TN 
James M. Lee, San Diego, CA 

Joong K. Lee, Loudonville, NY 
Kyuhwan F. Lee, Houston, TX 
Susanna Ming-Kim Lee, Winchester, MA 
Ya-Yen Lee, Houston, TX 

Stuart Kent Lehr, Des Moines, IA 
Richard G. Leininger, Greenbrae, CA 
Robert S. Lenobel, Cincinnati, OH 
Petronio T. Lerona, Phaenix, AZ 
William T. Lincer, E. Grand Rapids, MI 
Richard D. Lindgren, Madison, WI 
William E. Long, Memphis, TN 

Michael A. Lopiano, Oxnard, CA 

Phillip R. Lubbers, Bethesda, MD 
Stanley J. Lucas, Cincinnati, OH 
Robert Burnham Lufkin, Los Angeles, CA 
Robert Roy Lukin, Cincinnati, OH 
Thomas F. Maher, St. Louis, MO 

Gary D. Marano, Morgantown, WV 
Stephen |. Marglin, Bellevue, WA 

Hani G. Marar, Troy, NY 

Stuart K. Markowitz, Hartford, CT 
William M. Marks, Seattle, WA 

John O. Martin, Jr., San Diego, CA 


Leo F. W. Martin, Aneaster, Ontario, Canada 


Terence A. S. Matalon, Chicago, IL 
Robert Frederick Mattrey, San Diego, CA 
Daniel D. Maxwell, Washington, DC 


AJR:147, August 1986 


Kathleen A. McCarthy, Watertown, MA 
Michael J. MeCarthy, Washington, DC 
John C. McFadden, Park Ridge, IL 
John M. McGuire, Alamagordo, NM 
Garey L. McLellan, Jacksonville, FL 
Theresa C. McLoud, Boston, MA 
Richard B. MeMullen, Colorado Springs. CO 
Alec J. Megibew, New York, NY 
Steven G. Meranze, Philadelphia, PA 
Donald L. Miller, Potomac, MD 
Edward |. Miller, Newport Beach, CA 
John W. Miller, Winnetka, IL 

Lisa K. Miller, Winnetka, IL 

Michael David Miller, Goffstown, NH 
William R. Mitchum, Memphis, TN 
William R. Mize, Jr., Washington, DC 
Anita Gross Moallem, New York, NY 
Margaret A. Mentana, Seattle, WA 
James B. Moore, East Lansing, MI 
Lawrence J. Moss, Worcester, MA 
Philip C. Moudy, Buffalo, NY 

Peter R. Mueller, Lexington, MA 
Marcia E. Murakami, Jacksonville, FL 
David Paul Naidich, New York City, NY 
Kenneth E. Najarian, Burlington, VT 
Timothy C. Nauert, Houston, TX 

Mary Jo Nelson: Minneapolis, MN 
Richard D. Newman, Bethesda, MD 
Marc D. Nicol, San Diego, CA 

John R. Nixon, Rochester, MN 

Michael A. Noor. La Jolla, CA 

David A. Nyberg, Mercer Island, WA 
David S. O'Brien, Annapolis, MD 
Edward J. O'Brien, Jr., St. Louis, MO 
Robert P. Odenwald, Washington, DC 
Carl-Olof Nils Sten Ovenfors, Los Angeles, CA 
Joseph S. Panella, Deerfield, IL 
Nicholas Papanicolaou, Boston, MA 
Janet A. Parker (Popky), Philadelphia, PA 
Leonard A. Parker, Jr., Durham, NC 
Behram Pastakia. Bethesda, MD 

David M. Paushter, Cleveland, OH 
Edward G. Pepper, St. Louis, MO 
Louis M. Perimutt, Chapel Hill, NC 
Bryan M. Peters, Raleigh, NC 

Minta E. Phillips, Philadelphia, PA 

Eliza Ridley Pile-Seellman, West Roxbury, MA 
Gary Alan Podolny, Cincinnati, OH 
Richard J. Price, San Diego, CA 

Paul D. Radecki, Jenkintown, PA 

D. Randall Radin, North Hollywood, CA 
Samial Rambissoon, Arcadia, CA 

Ruth G. Ramsey, Chicago, IL 
Bhaskara K. Rao, Madison, WI 

Vijay M. Rao, Lafayette Hill, PA 
Maurice M. Reeder. Honolulu, HI 
James W. Reinig, Rockville, MD 
Donald L. Resnick, Del Mar, CA 

Jack S. Resnick, San Diego, CA 


ARRS NEW MEMBERS 


Ernest Jerald Ring, San Francisco, CA 
Jon M. Robins, La Jolla, CA 

Theodore Robinson, New York, NY 
Bruce A. Rodan, Tequesta, FL 

Michael J. Rokoff, La Jolla, CA 

Pablo R. Ros, Washington, DC 

Darrel J. Rosen, E. Grand Rapids, MI 
Richard C. Rosenbaum, Baltimore, MD 
Scott A. Rosenbloom, Cleveland, OH 
Gregory Rozenblit, New York City, NY 
Jonathan R. Rubin, Ann Arbor, MI 
Michael Sacher, Great Neck, NY 

Jean S. Saigh, Omaha, NE 

Guy Saint-Georges, Montreal, Quebec, Canada 
Ronald M. Saidino, San Diego, CA 
George B. Salzberg, Miami, FL 

Linda M. Salzman, Lexington, MA 
David J. Sartoris, La Jolla, CA 

Robert S. Sawicki, Sandusky, OH 
Stephen Irwin Schabel, Charleston, SC 
Cherie E. Scheer, Richmond, VA 
Barbara Schepps, Pawtucket, RI 
George S. Scher, San Diego, CA 
Stanley G. Seat, La Jolla, CA 

Robert J. Sefczek, Pittsburgh, PA 
Joseph P. Seivar, Rapid City, SD 
Yogesh P. Shah, Houston, TX 

Nita N. Sheth, Little Rock, AR 

Wei-Jen Shih, Lexington, KY 

Brian D. Sims, San Francisco, CA 
Barry Siskind, New Haven, CT 

Ronald A. Siwik, Solon, OH 

Janice R. L. Smith, Tucson, AZ 

Sarah Smith, Marietta, GA 

Charles W. Snyder, Winter Haven, FL 
Joel Sokoloff, Poway, CA 

Walter Solis, Dallas, TX 

Richard A. Sollitto, San Francisco, CA 
Gary Staples, Washington, DC 

David Daniel Stark, Boston, MA 

Hak K. Sue, Oak Brook, IL 

John B. Sutherland, Winnipeg, Manitoba, Canada 
Joel D. Swartz, Gladwyne, PA 
Lawrence C. Swayne, Basking Ridge, NJ 
George A. Taylor, Baltimore, MD 
Steven R. Taylor, Jacksonville, FL 
Emmett O. Templeton, Birmingham, AL 
Joseph G. Teplick, Philadelphia, PA 
David Immanue! Thickman, Philadelphia, PA 
John R. Thomas, San Diego, CA 
Richard T. Trackler, La Jolla, CA 
Sabah S. Tumeh, Westwood, MA 
Luong C. Tuong, North Fairfield, OH 
Robert L. Turk, El Cajon, CA 

Mary A. Turner, Richmond, VA 

Sidney Ulreich, West Hartford, CT 
Michael W. Vannier, St. Louis, MO 
Eric vanSonnenberg, San Diego, CA 


429 


Claude T. Vezina, Ottawa, Ontario, Canada 
Miriam E. Vincent, Boston, MA 

Lalit H. Vora, Los Angeles, CA 

Walter C. Wagenknecht, Leominster, MA 
James C. Walker, Jr., Birmingham, AL 
Carol A. Wallace, Portland, OR 

John J. Wasenko, Oakland, CA 

Jeffrey C. Weinreb, Dallas, TX 

Zelig R. Weinstein, Silver Spring, MD 
Daniel L. Weissberg, Santa Ana, CA 

Burt T. Weyhing, Grosse Pointe Farms, MI 
Evelyn M. White, Washington, DC 

Andrew C. Wilbur, Lake Forest, IL 

George P. Wilson, Kansas City, MO 
William R. Wisdom, Palos Verces Estates, CA 
Rauf Yagan, Cleveland, OH 

Kae S. Yingling, Bethesda, MD 

John M. Young, Alpine, TX 

Farrokh Zandpour, Big Bear Lake CA 
William D. Zimmer, Fort Wayne, IN 
Edward B. Zinkin, Rochester, NY 

Jack Zyroff, La Jolla, CA 


ARRS CORRESPONDING 
MEMBERS 


Detlef Bartelt, W. Germany 

C. W. Koch, The Netherlands 

Lawrence Shu-Wing Lau, Australia 

Johan W. P. Marsman, The Netherlands 
Richard G. Num, S. Australia 

Mahender P. Chandie Shaw, The Netherlands 


Members in Training 


Creed W. Abell, St. Clair Shores, MI 
Marita B. Acheson, Seattle, WA 

Julie L. Adam, Seattie, WA 

Fredrick |. Akiya, Salt Lake City, UT 
Sara L. Anschuetz, Chicago, IL 
Douglas R. Andrews, Middleton, WI 
William G. Armington, Salt Lake City, UT 
Sara Arnold, Milwaukee, WI 

Charles B. Austin, Jr., Columbia, MD 
Stephen G. Babel, Middleton, WI 
Duncan S. Bariow, Novato, CA 
Douglas E. Barnes, Castro Valley, CA 


430 





Invitation to Membership in the American Roentgen Ray Society 


During the American Roentgen Ray Society's (ARRS) 1985 
meeting in Boston, society members approved several fun- 
damental changes in the membership application process and 
created two new categories of membership: members-in- 
training and distinguished members. Also, active members 
are no longer required to document contributions to radiology 
by way of teaching or scientific publications. 


Active Membership 


Candidates for active membership must be graduates of 
an approved medical school or hold an advanced degree in 
one of the physical, chemical, or biological sciences. Each 
must be board certified and active in the practice of radiology 
or one of its branches in the United States or Canada. 
Applicants must be endorsed by two members of the ARRS, 
not necessarily residents of the same community. 


Members-in-Training 


The new members-in-training membership category is re- 
served for physicians in a radiology residency or a postresi- 
dency program approved by the Radiology Residency Review 
Committee of the American Council of Graduate Education 
and for postgraduate students in allied sciences. The status 
is limited to 5 years, starting with the entrance date into the 
radiology residency. In the fifth year, members-in-training are 
eligible for transfer to active membership. 


Distinguished Members 


Because many current members of the ARRS have made 
major contributions to radiology, a new form of membership 
has been established: distinguished members. Distinguished 
members shall be nominated by the ARRS Executive Council 
from the membership of the society and elected by the 
society. This nomination is contingent upon contributions to 


the society in the conduct of its annual meeting, publication 
of its journal, service on its committees, as the society’s 
representative to other professional organizations, or other 
reasons as may seem justified by the Executive Council. 


Dues and Initiation Fees 


A new schedule of fees and dues was established. Initiation 
fee for active members is $50. There is no initiation fee for 
members-in-training. Annual dues for active and correspond- 
ing members are $90, payable on July 1 of each year. The 
dues payment includes a 1-year subscription to the American 
Journal of Roentgenology (AJR) and waiver of the annual 
meeting registration fee. Dues for members-in-training are 
$25 and include a year’s subscription to the AJR and waiver 
of meeting fees. AJR subscription rates for domestic nonmem- 
bers will be $90 for 1986. The resident subscription rate will 
remain $25 for residents who do not elect to become mem- 
bers-in-training. Nonmember residents will have a $25 meet- 
ing registration fee. 

A membership application form is in this issue of the journal. 
Applications for active membership should be received by 
February 1 for action during the annual meeting in April. 
Members-in-training will be eligible for membership upon re- 
ceipt and processing of the completed application form. 

Initiation fees and dues should not accompany the appli- 
cation, but are payable after election upon notice by the 
treasurer. 

The American Roentgen Ray Society continues to be a vital 
force in providing an educational forum for the radiologic 
community. As it embarks on a program of a broader base of 
membership, we cordially welcome all those who are eligible. 
Thus, | urge you to complete the application and forward it to 
the chairman of the Executive Council: Rosalind H. Troupin, 
M.D., Dept. of Radiology, Hospital of University of Pennsyl- 
vania, 3400 Spruce St., Philadelphia, PA 19104. 


Glen W. Hartman 
Secretary 


- American Roentgen Ray Society Membership Application 






































Date Category (check one) O Active 
O In-Training 
Name (in full) Age 
Address & zip code ———~—~—~—~~~~ ~ ~ ~~~ Date of Birth 
Birthplace 

L aaalllt 
Education Institution Years Degree/Type 
Undergraduate: —— — — — — — — — — —— ————— 

O I aos 
Graduate (medical school, graduate school, etc.): 

m 
Postgraduate (internship, residency, fellowship, etc.): 

I I Ii Ii (ia 
I eee ew 
Licensed to practice in 

(type) (state, province, etc.) 


Active membership applicants, complete this section. In-training applicants, turn to reverse side. 
Practice limited to radiology or one of its branches for —____________________year’s, since (date) 


Present appointments: Academic 








Hospitals 








Membership in scientific societies 








Offices or cemmittee memberships in scientific societies 











Government service (military, civilian) 








Credentials 


| hereby certify that | was issued a certificate of qualification in 











by the 
(an American Medical Specialty Board or the Royal College of Canada) 


continued overleaf 


Other credentials 





Signature 





We, active members in good standing of the American Roentgen Ray Society and personally acquainted with the applicant, do recommend him/ 
her for Active Membership in the society. Two references are required. 








Name (print/type) 
Address a a ee ee ee ee ee 
Signature a ee et 


In-training applicants must complete this section 


Credentials 


| certify that | am serving as a resident/fellow in 


at 





Date program begins (began) is 





(institution) 


. It ends . | understand the in-training 








membership is limited to 5 years and in my 5th year | may transfer to active membership. 


Program director or department chairman (name and address) 


Signed 

















Training director’s certification. 


| certify the applicant is a trainee at the institution named and qualifies for enroliment as a member-in-training of the American Roentgen Ray 


Society. Name (print) Signature 


Address = 

















General Information 


Candidates for Active Membership 


T 


An active member must be a graduate of an approved medical school or hold an advanced degree in one of the physical, chemical, or biotogical sciences and be 
certified by the American Board of Radiology, the Royal College of Physicians of Canada, or document training and credentials that are adequate to qualify for 
membership. Active members shall actively practice radiology or one of its branches in the United States or Canada. Such members are eligible to participate in 
all activities of the society, including membership on committees, and have full voting privileges. 


. Application must be on an official form, signed by the applicant and at least two active members of the American Roentgen Ray Society. in good standing, who 


endorse the applicant. 


. Initiation fee is $50. 
. Annual dues are $90, payable on July 1 of each year. Of this amount, $50 is for a 1-year subscription to the American Journal of Roentgenology, beginning with 


the July issue for the year following election to membership. 


. Application must be received by February 1 for action during the 1987 meeting. 


Candidates for In-Training Membership 


ie 


In-training members must be serving in a radiology residency or a postresidency fellowship program approved by the Radiology Residency Review Committee of 
the American Council of Graduate Medical Education or be a postgraduate student in an allied science. Training status must be verified by the program director. 
In-training members have special consideration in fees and subscription rates to the society journal. Such members cannot hold society offices or vote. 


. Application must be on an official form and signed by the applicant and by the applicant's training or residency program director. 


In-training status is limited to 5 years starting with the entrance date into the radiology residency. In the fifth year, each in-training member will receive an 
application for transfer to active membership from the society secretary. Those who do not apply for transfer to active membership shall be dropped from 
membership at the end of the fifth year. 


. There is no initiation fee. Annual dues are $25. Membership includes a subscriptioon to the American Journal of Roentgenology and admission to the annual 


meeting without registration fees. 


. Membership applications will be acted on when received. 


All Applicants 


+: 
2 


Do not remit initiation fee or dues until requested by the treasurer. 
Send completed forms to: Rosalind H. Troupin, M.D. 
Chairman of the ARRS Executive Council 
Hospital of the University of Pennsylvania 
3400 Spruce St. 
Philadelphia, PA 19104 
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American Roentgen Ray Society 87th Annual Meeting 
April 26-May 1, 1987, Miami Beach, FL 


Fontainebleau-Hilton Hotel 


Registration and Hctel Reservations 


Forms for advance registration and hotel reservations will be in the 
January and February 1987 issues of the AJR. 


Scientific Program 


Abstractseof papers to be considered for the program must reach 
the president-elect by Sept. 20. Forms on which to submit abstracts 
are in this issue of the AJR. Please photocopy if additional copies are 
needed. The ARRS Program Commitee will select papers in late 
September and notify authors in mid-October. AJA has first rights to 
all papers accepted for presentation at the ARRS meeting. Send 
abstracts to: 

Raymond A. Gagliardi, M.D. 
Dept. of Radiology 

St. Joseph Mercy Hospital 
900 Woodward Ave. 


Telephone (313) 858-3266 Pontiac, MI 48053 


Refresher Course Program 


A summary of the refresher courses will appear in the AJR in 
January along with advance registration forms. Early registration is 
an advantage in assuring preferred courses in this popular program. 
Dr. J. T. Ferruci, Jr. is program director. 


Scientific Exhibits 


Proposals for scientific exhibits must reach the Chairman of Ex- 
hibits by Sept. 20. Ferms, which may be photocopied, are in this 
issue of the AJR. Send completed form to: 

John E. Madewell, M.D. 
Dept. of Radiology 

Baylor College of Medicine 
One Baylor Plaza 


Telephone (713) 799-6362 Houston, TX 77030 


Local Program 


A program of sightseeing, shopping, and entertainment will be 
developed by the Local Arrangements Chairman. Information and 
advance registration forms will be in the January and February issues 
of the AJR. 


President’s Award Papers 


The society offers several cash awards for the best scientific 
papers prepared by residents in radiology. The President's Award 


has a $1000 prize. There are two Executive Council awards of $500 

each. All are presented at the annual meeting. Papers should be 

submitted by Jan. 31 for consideration in this competition. Send 
entries to: 

B. G. Brogcon, M.D. 

Dept. of Radiology 

University of South Alabama Medical Center 

2451 Fillingim Street 

Mobile, AL 36617 


ARRS Membership Requirements 


The American Roentgen Ray Society (ARRS) has two membership 
categories: active and in-training. For active membersnip, applicants 
must practice radiology in the U.S. or Canada. Each must have 
graduated in good standing from an approved medicakschool or hold 
an advanced degree in physical, chemical, or bioiogical science and 
be certified by the American Board of Radiology. the Royal College 
of Physicians and Surgeons of Canada, or otherwise adequately 
document training and credentials. 

A member-in-training must be in a radiology residemcy or postres- 
idency fellowship program or be a postgraduate student in an allied 
science. Status must be verified by the program director. 

For consideration during the 1987 ARRS meeting, completed 
applications must be received no later than Feb. 1. Obtain forms and 
details from: 

Rosalind H. Troupin, M.D. 
Department of Radiology 

Hospital of University of Pennsylvania 
3400 Spruce St. 

Philadelphia, PA 19104 


Associated Society Meetings 


Society for Pediatric Radiology and European Society of Pe- 
diatric Radiology 

The inaugural conjoint International Pediatric Radiology '87 meet- 
ing will meet May 30-June 4, 1987 at the Westin Hotel, Toronto, 
Ontario, Canada. Deadline for receipt of abstracts is February 1, 
1987. For details contact: Donald R. Kirks, M.D., Seeretary, Society 
for Pediatric Radiology, c/o Dept. of Radiology. Chiidrens Hospital 
Medical Center, Elland and Bethesda Aves., Cincinnati, OH 45229, 
(513) 559-4880 


Deadlines 


Abstracts of papers: September 20 
Scientific exhibit proposals: September 20 
Resident's Award papers: January 31 
Membership applications February 1 


Call for Papers 


American Roentgen Ray Society 
1987 Annual Meeting: 
April 26-May 1, Miami Beach, FL 


Title of Paper: 


Names of Authors (Last, First Middie): 
(Use asterisk to indicate who will present paper) 


Professional Address of Corresponding Author 
City State Zip Code 


Type Abstract in This Space Single Spaced (See instructions) 


Has this been presented elsewhere? yes 





Projection Requirements: 
be converted to 16 mm films.) 


(This Form May Be Photocopied) 


35 mm (2 x 2) single or double (circle which); 





FOR COMMITTEE USE 








Received ——— No. 
Subject ——— Score 
Rejected —————— — Accepted 
Assigned: Day Session 
Time CN. 


Degree Member ARRS? 
(one only) Yes No 


Telephone 


no. If yes, please describe on reverse. 


16 mm silent movie. (Note: video tapes must 


Instructions for Scientific Abstracts 


Proposals are judged by topic and content. New information is preferred, but careful reviews of subjects important to the 
practice of radiology are also acceptable. The content is treated as confidential information. If the material has been presented 
elsewhere, notice to that effect is required. 

The abstract should contain the four essentials of a scientific communication. It should describe the purposes of the study, 
the material and methods used, the principal observations, and their significance to radiologic practice. Brevity is desired but 
not at the expense of information. Factual data are essential. The abstract should be a succinct summary of work done rather 
than a promissory note. Acceptance for publication is encouraged by well organized, factual abstracts. The abstract will remain 
confidential until the program is distributed at the meeting. 

PLEASE USE TYPEWRITER. Supplemental information may be attached. Photocopies of the abstract will be distributed to 
the Program Committee for evaluation. Keep a copy for yourself. Slides should be nonglass mounted. 

Manuscripts presented on the scientific program become the property of the Society and will be considered for publication 
in the American Journal of Roentgenology. If publication is not offered by the Journal, publication rights return to the author. 


Deadline for submission of abstract is September 20, 1986 Telephone (373) 858-3266 
Mail abstract to: Raymond A. Gagliardi, M.D. 

ARRS President-elect 

Department of Radiology 

St. Josepn Mercy Hospital 

900 Woodward Ave. 

Pontiac, Mi 48053 


Call for Scientific Exhibits = "*commrsmss 


American Roentgen Ray Society Date Received —— Application No. — 


1987 Annual Meeting: re 


April 26-May 1, Miami Beach, FL peered Sear Non 





Title of Exhibit: 


Principal Exhibitor's Professional Mailing Address: 

BST Se i INSU: 

Department: a SUB ATOSS aam aa aM ee Ny 
State: Zp Code: Telephone: work ( } home { ) 

Are you a member of ARRS (please circle one) yes or no. 


Names of Exhibitors (List principai exhibitor first and telephone number of each person.) 


Last First Middie Telephone Degree Member ARRS? 


a i i ey 
» asen lyya apaa G‘ Dyll‘ GGGl‘ a‘ dl‘ d‘ m ‘my 
a a ee Se a a a a 
r a SS i i Se a a a i ee Se a) 


ee i i ey 


Type Abstract in This Space Single Spaced (see instructions) 


Has application also been made to present this material in the scientific program: 


(This Form May Be Photocopled) 


Instructions for Abstract 


A brief resume of the exhibit is requested. State purpose, principal information, and conclusions. Promissory statements are not acceptable. 
Type single-space in the space provided on the reverse side. Brevity is desirable but not at the expense of factual information. The abstract 
will appear in the program book as submitted. Exhibitors will receive detailed instructions for exhibit preparation. Please use typewriter and 
complete the application form on both sides. Type must be fully legible. List space requirements. 


What Sort of Exhibit is Proposed? (Check one and complete all appropriate places) 


Free Standing. This is a self-contained display created in total by the exhibitor and may be a fold-open unit, a unit shipped in cases and 
assembled on site, or a table top unit. Linear feet required: ——— 





Poster Board (Backboard Panels). Backboard panels are 4 x 6 or 4 x 8 feet. Number of panels required: 4x6or_ 4x 
8. If two panels are needed, there will be a % inch frame separating the panels, thus requiring a separation in the presentation. 











Viewbox. Mounted materials (radiographs and other transparencies) for display on the society's illuminators. Each illuminator is 39.5 x 
59.5 inches. Number of illuminators required: ———. 


______ Audiovisual 


Please Indicate Most Appropriate Category for Your Exhibit 


Diagnostic Radiology: 
Bone ______ Cardiovascular 
_______ Gastrointestinal Tract 
______New Imaging Methods 


Chest 
Genitourinary Tract 
Pediatric Radiology 











Decision Making and Image Selection 
Neuroradiology 











Other: 

______Medical Physics 
Ultrasound 

Has the exhibit been shown in whole or part at any previous meeting? 


Nuclear Medicine Radiation Oncology Radiobiology 

















(Previous display does not preclude acceptance.) 


Where? When? 

















Nature of meeting or name of society 








Signature of Principal Exhibitor 


Application must be received no later than September 20, 1986 Telephone (713) 799-6362 
Mail original and (five copies) to: John E. Madewell, M.D. 
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Letters 





Determining arterial entry site for catheter 


In January 1986 issue of AJR, Dorne, Satin, and Palayew [1] 
described a method for localizing the arterial puncture site during 
percutaneous transluminal angioplasty. In angioplasty of common 
femoral artery stenoses with retrograde arterial punctures and of 
proximal profunda and superficial femoral artery stenoses with ante- 
grade punctures, it is crucial that the arterial puncture site be identified 
so that the balloon is not inflated at the site of entrance of the catheter 
into the artery. 

We have been using an alternate method for localizing the arterial 
puncture site that is simple and efficacious. A spot film is taken after 
passage of the guidewire through the puncture needle, before ex- 
changing the needle for catheter. The change in caliber from the 
needle to the guidewire indicates the site of arterial entrance (Fig. 1). 
The entry site should be in the center of the field to avoid errors due 
to parallax. This method has been reliable in numerous cases. 

Curtis W. Bakal 

Seymour Sprayregen 

Montefiore Medical Center 

Albert Einstein College of Medicine 
Bronx, NY 10467 
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Fig.. 1.—Site of arterial entry indi- 
cated by change in caliber between 
puncture needle and guidewire (ar- 
row). 


Pain Control After Biliary Drainage 


In the March 1986 issue of AJR, Lieberman and Sleder [1] describe 
the use of bupivicaine with epinephrine to provide temporary pain 
control after biliary drainage procedures. The method they describe 
appears effective but has the stated disadvantage of providing relief 
for a maximum of 10 hours, with repeated injections necessary for 
sustained pain relief. 

We have used a combination of bupivicaine with a long-acting 
steroid preparation to achieve pain relief in the same setting. The 
advantage is that the analgesic effect lasts for 7 to 10 days without 
repeat injections. No oral analgesics are required for local puncture 
site pain. This method has been used six times in four patients with 
uniformly good results and no complications. In all but the first two 
instances, the injection was performed prophylactically at the end of 
the procedure, just before application of the dressing. 

Five milligrams of triamcinolone acetonide suspension (Kenalog- 
10, Squibb, Princeton, NJ) is mixed with 5 mi of 0.5% bupivicaine 
(Marcaine, Winthrop-Breon, New York, NY). The mixture is infiltrated 
along the track of the catheter, on all sides, down to the ribs and 
peritoneum, as described by Lieberman and Sleder. However, we do 
recommend aspiration during infiltration in order to avoid injection 
into the intercostal artery or vein. 

The combination of a local anesthetic and a steroid preparation for 
infiltration of trigger areas has been described previously [2]. While 
the localized inflammation surrounding a drainage catheter is not 
exactly analogous to the trigger point in myofascial pain syndromes, 
the treatment is nonetheless effective. No pain was present at the 
puncture site at 24 hours post-procedure in any of the four patients. 

Donald L. Miller 

Russell T. Wall 

National Institures of Health 
Bethesda, MD 20205 
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Reply 


Pain after percutaneous biliary drainage can be marked and pro- 
longed. A typical patient requires parenteral narcotics for 1 to 3 days. 


AJR: 147, August 1986 


We noted and Drs. Miller and Wall have confirmed (above) that local 
anesthetic at the catheter site provides quick pain relief more effective 
than intramuscular narcotics. 

Steroids have traditionally been added to local anesthetics for 
injection of myofascial pain trigger points [1, 2]. While steroids are 
not local anesthetics in themselves, these drugs are thought to reduce 
inflammation contributing to irritation and pain. If Drs. Miller and Wall 
are correct in claiming 7 to 10 days of anesthesia with their cocktail, 
the problem of pain after percutaneous biliary drainage will be a 
matter of history. We applaud them for their contribution. 

Robert P. Lieberman 

Pauline R. Sleder 

University of Nebraska Medical Center 
Omaha, NE 68105 
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Talc: its manifestations in the chest 


In his article in the February 1986 issue of AJA, Feigin [1] lists talc 
(magnesium silicate) as an ingredient of oral pentazocaine (Talwin) 
preparations. In fact, talc is not present in oral Talwin, Talwin Com- 
pound, or Talwin NX tablets, but all contain microcrystalline cellulose 
(Stoll L, Slevin D, Winthrop-Breon Laboratories, personal communi- 
cation). When injected intravenously, both talc and microcrystalline 
cellulose produce microscopically evident angiothrombosis of pul- 
monary arterioles and foreign body granulomas [2, 3]. Radiographi- 
cally, both may typically show diffuse fine nodular pulmonary opacities 
[4, 5]. Since oral Talwin preparations contain no talc, it would seem 
imprudent to attribute the “consolidations, large nodules, and 
masses” to intravenous talc alone. Since users commonly inject a 
variety of oral medications, a most careful search of the appropriate 
lung specimens for microcrystalline cellulose as well as talc would be 
important to clarify the etiology of Feigin’s findings. 

P. M. Fitzer 
501 Riverside Drive 
Newport News, VA 23606 
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Reply 


Dr. Fitzer is correct that Talwin, in its various oral forms, does not 
and has never contained talc. Although Talwin was often included 
within a multiplicity of abused substances in some of the cases of 
intravenous talc that | reviewed, my sole source that Talwin alone 
could cause granulomatosis was the article by Farber and associates 
[1]. 

Farber et al., despite their use of the word “talc” throughout their 
article, admit that a recent analysis by Tomashefski (Ref. 3 of Fitzer 
letter), shows the material within the granulomas to be microcrystal- 
line cellulose rather than talc. Farber then states, “Nonetheless and 
employing convention, we will continue to use the terms talc crystals 
or granuloma.” 

Thus, the source of the confusion appears to be that the sub- 
stances, microcrystalline cellulose and talc, produce similar pathology 
but are not identical. Dr. Fitzer’s conclusion, therefore, appears 
appropriate and | am grateful to him for elucidating this point. 

David S. Feigin 
University of California, San Diego 
San Diego, CA 92093 
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Chest 


Radiographic assessment of perfusion impairment in pulmonary 
embolism. Palla A, Petruzzelli V, Donnamaria V, Rossi G, Maltinti G, 
Ginuntini C. (2nda Clinica Medica, Universita’ di Pisa, Via Roma, 67, 
|-56100 Pisa, Italy). Europ J Radiol 5:252-255, 1985 


Radiographs of the chest and perfusion lung scans performed in 
115 patients with pulmonary embolism were reviewed. The radi- 
ographic appearance of the descending pulmonary artery was clas- 
sified as: normal, group A; enlarged, Group B; and markedly enlarged, 
either only on one side, Group C, or bilaterally, Group D. The roentgen 
findings corresponded to the severity of the pulmonary embolism. 
Patients in Groups C and D, with the most significant dilatation of the 
pulmonary arteries had an average of 10 unperfused segments of 
the lung involved, corresponding to about 56% of the total vascular 
bed. Patients in Group B showed an average of seven unperfused 
segments, corresponding roughly to 39% of the total vascular bed. 
In the patients of Group A, with mild obstruction, less than five 
unperfused segments were detected or about 29% of the vascular 
bed. In conclusion, although a radiograph of the chest cannot sub- 
stitute a scintigraphic evaluation of the presence and extent of a 
pulmonary embolus, the roentgen findings can and should raise the 
suspicion of an embolism and should be used to monitor the efficacy 
of the therapy. 


A. F. Govoni 


Gastroinestinal System 


Intestinal and hepatic complications of human bone marrow trans- 
plantation. Parts | and Il. McDonald GB, Shulman HM, Sullivan KM, 
Spencer GD (Veterans Administration Medical Center-Medical Serv- 
ice, 1660 S. Columbian Way, Seattle, WA 98108). Part I, Gastroen- 
terology 90:460-477, 1986; Part Il, Gastroenterology 90:770-784, 
1986 


Intestinal or liver injury may occur after bone marrow transplanta- 
tion by one of three mechanisms: toxicity from pretransplant chem- 
oradiation therapy, infection developing in the immunocompromised 
patient, and from a unique immunologic disorder known as graft- 
versus-host disease. In this disorder, donor lymphoid cells attack 
host tissues, particularly the skin, liver, and intestinal mucosa. Part | 
Outlines the pathophysiology and clinical consequences of intensive 
chemoradiation therapy, including the preparation of patients for 
marrow transplantation, the pathophysiology and histopathology of 
intestinal mucosal damage, venocclusive disease of the liver, and 
acute graft-versus-host disease of the intestine and liver. 


Abstracts 





Part II of the review considers chronic graft-versus-host disease 
and intestinal and liver infections after bone marrow transplantation. 
As with the first segment of the review, the clinical presentation and 
course, the pathophysiology of esophageal, gastroduodenal, intes- 
tinal, and liver involvement are described. A summary table of causes 
of gastrointestinal and liver dysfunction in these patients is presented. 
The authors emphasize that gastrointestinal disorders seen up to 20 
days post-transplant are generally related to toxicity of the condition- 
ing therapy or due to drug side effect, or bacterial or fungal infection. 
Between 20 and 100 days, the marrow graft is functional and acute 
graft-versus-host disease, viral infections, and venocclusive disease 
may occur. After day 100, the incidence of intestinal symptoms 
decreases, although some patients will have persistent graft-versus- 
host disease. Chronic graft-versus-host disease primarily affects the 
skin, mucous Membranes, esophageal mucosa, and liver. The intes- 
tinal mucosa is usually spared. 


Charles A. Rohrmann, Jr. 


Upper gastrointestinal series: patient management and a study 
of 199 cases. Munitz HA, Gelfand DW, Ott DJ (Dept. of Radiology, 
Bowman Gray School of Medicine of Wake Forest University, Win- 
ston-Salem, NC 27103). Gastrointest Radiol 10:277-281, 1985 


After upper gastrointestinal series, the records of 199 patients 
were retrospectively analyzed to determine the impact of the study 
on patient management. Symptoms most likely to predict an abnormal 
upper GI series were found to be dysphagia (87%), GI hemorrhage 
(66%), chest pain (56%), abdominal pain (52%), anemia (50%), nau- 
sea and vomiting (32%), and diarrhea (27%). Sensitivity was 65% in 
all cases. If esophagitis, gastritis, and abnormalities of the postoper- 
ative stomach were excluded, the sensitivity rose to 82%. Patient 
management was altered by excluding serious pathology in 53%, the 
ordering of further studies in 21%, a change of therapy in 17%, 
continuation of existing therapy in 16%, and surgery in 7%. The 
radiologic diagnosis was ignored in 5%. In no case did follow-up 
endoscopy identify a lesion that was missed on the upper GI series 
and that led to subsequent morbidity or mortality due to failure of 
initial diagnosis. The most frequently missed lesions included mild 
esophagitis, gastritis, and small peptic ulcers. The authors concluded 
that there is nothing to be gained, in terms of preventing morbidity or 
mortality, by having all patients with upper GI complaints undergo 
endoscopy. 


Charles A. Rorhmann, Jr. 


Hydrostatic balloon dilation of gastrointestinal stenoses: a na- 
tional survey. Kozarek RA (The Mason Clinic, P.O.Box 900, Seattle, 
WA 98111). Gastrointestinal Endoscopy 32:15-, 1986 


AJR: 147, August 1986 


A survey of 3000 American Society of Gastrointestinal Endoscopy 
members showed that 22% of respondents applied balloon dilatation 
to gastrointestinal stenoses. Data presented on 1538 patients re- 
vealed an overall technical success rate of 85%. Immediate sympto- 
matic relief for obstructive symptoms was produced in 85% of 
esophageal lesions, 76% of stomach stenoses, 56% of colonic stric- 
tures, 89% of those in the bile duct, and 67% of pancreatic duct 
stenoses. Objective improvement after 3 months was less, in some 
areas 50% lower than the initial symptomatic relief. Six percent of 
procedures had associated complications, which included a 35% 
complication rate in the biliary tract and 28% complication of pan- 
creatitis when pancreatic sphincter balloon dilatation was attempted. 


Charles A. Rohrmann, Jr. 


Analysis of a multiphasic radiographic examination for detecting 
reflux esophagitis. Ott DJ, Chen YM, Gelfand DW, Munitz HA, Wu 
WC (Dept. of Radiology, Bowman Gray School of Medicine, Winston- 
Salem, NC 27103). Gastrointest Radiol 11:1-6, 1986 


Ninety-five consecutive patients with either endoscopic findings of 
reflux esophagitis or a normal esophagus who had a radiographic 
examination of the esophagus within 1 week were analyzed to 
determine the quality and sensitivity of each phase of the radiographic 
examination in detecting reflux esophagitis. There were 46 normal 
patients and 49 with reflux esophagitis as determined by endoscopy. 
The abnormal cases were endoscopically graded as: mild esophagitis: 
erythema, minimal exudation, or friability; moderate esophagitis: ero- 
sion or ulceration; and severe esophagitis: severe ulceration or stric- 
ture formation. Radiographic examination included mucosal relief, full 
column, and double-contrast techniques. The overall sensitivity was 
65% for all grades of esophagitis, and 90% for moderate and severe 
grades. Sensitivities were mucosal relief: 43%; full column, 53%; 
double contrast: 45%. When all phases of each examination were 
combined, 25% of mild esophagitis was detected, 79% of moderate, 
and 100% of severe cases. The radiographic specificity in normal 
patients was 98%. The authors concluded that a multiphasic exami- 
nation of the esophagus is required because each phase contributes 
to improvement in the overall diagnostic sensitivity. 


Charles A. Rohrmann, Jr. 


Radiologic diagnosis of Barrett’s esophagus: Critical analysis of 
65 cases. Agaha FP (Dept. of Radiology, Box 13, University Hospital, 
1405 E. Ann St., Ann Arbor, MI 48109). Gastrointest Radiol 11:123- 
130, 1986 


A wide spectrum of radiologic features was found in 65 patients 
with pathologically proven Barrett's esophagus. Hiatus hernia was 
found in 49, gastroesophageal reflux in 38, strictures in 32, signs of 
esophagitis in 20, and deep ulceration in 12. Additionally, ascending 
or migrating strictures were found in 10, mucosal pattern simulating 
areae gastricae in five, cricopharyngeal dysfunction in four, and fixed 
spiral folds in three. The author concluded that Barrett's esophagus 
has a wider spectrum of radiologic findings than previously demon- 
strated. Awareness of this spectrum of findings will aid in radiographic 
diagnosis. 

Charles A. Rohrmann, Jr. 


Ultrasound detection of choledocholithiasis: prospective compar- 
ison with ERCP in the postcholecystectomy patient. O'Connor HJ, 
Hamilton |, Ellis WR, Watters J, Lintott DJ, Axon ATR (Selly Oak 
Hospital, Birmingham, B29 6JD, England). Gastrointest Radiol 
11:161-164, 1986 


Ultrasound examination was undertaken in 59 unselected symp- 
tomatic postcholecystectomy patients who had the presence or 
absence of choledocholithiasis proven by ERCP. Sonography de- 
tected stones in 13 of 29 patients (sensitivity, 45%) and demonstrated 
no stones in 29 of 30 (specificity, 97%). The positive predictive value 
was 93% and the predictive value of a negative result was 64%. An 


ABSTRACTS 441 


important factor limiting the sonographic examinations was intestinal 
gas that obscured the distal common bile duct. Stones were found 
in 25 of 35 patients who had a dilated common bile duct and in four 
of 24 without duct dilatation. The authors concluded that ultrasound 
cannot reliably diagnose or exclude bile duct stones and is an 
inadequate screening test for the symptomatic postcholecystectomy 
patients. 


Charles A. Rohrmann, Jr. 


Pancreas divisum: congenital anatomic variant or anomaly? Con- 
tribution of endoscopic retrograde dorsal pancreategraphy. Del- 
haye M, Engelholm L, Cremer M (Medicosurgical Dept. of Gastroen- 
terology, Erasme Hospital, Route de Lennick, 808, B-1070 Eruxelles, 
Belgium). Gastroenterology 89:951-958, 1985 


Of 6324 patients with biliopancreatic complaints, successful pan- 
creatography was obtained in 85%. Pancreas divisum was diagnosed 
in 304 patients (prevalence of 5.7%). In one-third of these patients, 
endoscopic cannulation and opacification of the accessory papilla 
permitted visualization of the dorsal pancreatic duct. Pancreas 
divisum was found with the same frequency in cases of acute and 
chronic pancreatitis and in the series of patients as a whole. The 
frequency of pancreatic disease in patients with and without pancreas 
divisum was not statistically different. The results show that pancreas 
divisum should not be regarded as an etiologic factor in pancreatitis 
but should be considered as a coincidental anatomic variant. The 
results do not support the hypothesis that stenosis of the accessory 
papilla occurs in pancreas divisum and is a cause of pancreatitis. The 
authors concluded that no further therapy should be systematically 
applied to patients with pancreas divisum and pancreatitis. 


Charles A. Rohrmann, Jr. 


Pancreatic calcifications: no indicator of severe exocrine pan- 
creatic insufficiency. Lankisch PG, Otto J, Erkelenz |, Lembcke 
(Dept. of Internal Medicine, Division of Gastroenterology and Metab- 
olism, University of Gottingen, Robert-Koch-Strasse 40. D-3400 Got- 
tingen, Federal Republic of Germany). Gastroenterology 90:617-621, 
1986 


Correlation of secretin-pancreozymin test, fecal fat analysis, and 
pancreatic calcifications on plain abdominal x-rays was accomplished 
in 79 patients with chronic pancreatitis. Exocrine pancreatic insuffi- 
ciency was graded as slight, moderate, or severe by the function 
tests and was compared with pancreatic calcifications, which were 
assessed semi-quantitatively (grades 1-3). Severe exocrine insuffi- 
ciency occurred even in absence of calcifications. Calcifications were 
more frequently detected with increasing severity of insufficiency. 
The qualitative demonstration of pancreatic calcification was not an 
indicator of severe exocrine insufficiency (50% false positive). The 
authors concluded that pancreatic calcification does not necessarily 
indicate severe exocrine pancreatic insufficiency and patients with 
severe insufficiency will not necessarily have pancreatic calcification. 


Charles A. Rohrmann, Jr. 


Nature and composition of biliary sludge. Lee SP. Nicholls JF 
(Division of Gastroenterology, Veterans Administration Medical Cen- 
ter, 1660 S. Columbian Way, Seattle, WA 98108). Gastroenterology 
90:677-686, 1986 


By studying microscopic and biochemical composition of biliary 
sludge, the authors found it to be a sediment composed of cholesterol 
monohydrate crystals and bilirubin granules embedded in a matrix of 
mucous gel. There was much more mucus glycoprotem in the gall- 
bladder bile of patients with sludge when compared with a control 
group. Gallbladder histology showed evidence of mucus hypersecre- 
tion and glandular metaplasia in the epithelium of patients with biliary 
sludge. Such was not the case in patients with gallstones and in 
normal controls. The results indicate that in patients with biliary 
sludge, the gallbladder is abnormal. This may lead to an increase in 
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the mucus content of gallbladder bile, which in turn may result in the 
nucleation of cholesterol crystals, possibly the early stage of gallstone 
formation. 


Charles A. Rohrmann, Jr. 


Association of gallbladder carcinoma and anomalous pancreati- 
cobiliary ductal union. Kimura K, Ohto M, Saisho H, Unozawa T, 
Tsuchiya Y, Morita M, Ebara M, Matsutani S, Okuda K (Dept. of 
Medicine, Chiba University Hospital, Chiba, Japan 280). Gastroenter- 
ology 89:1258-1265, 1985 


The pancreatic and common bile ducts normally join at a distance 
of less tha 4.6 mm from the papilla of Vater. Sixty-five patients with 
anomalous union of the two-duct systems at a distance of greater 
than 15 mm from the papilla of Vater and 96 patients with gallbladder 
carcinoma were studied. Seventeen percent of the patients with 
gallbladder carcinoma had anomalous ductal union at a distance of 
greater than 15 mm from the papilla. This compared with 3% of 641 
consecutive patients with various hepatobiliary and pancreatic dis- 
eases studied by ERCP who do not have gallbladder carcinoma. Of 
the 65 cases of anomalous ductal union, gallbladder carcinoma 
occurred in 25%. Gallbladder carcinoma occurred in 2% of 635 
patients with normal ductal union. The authors thus suggest a close 
etiologic association between anomalous ductal union and gallbladder 
carcinoma. Of the 65 patients with anomalous ductal union, 50 had 
cystic dilatation of the common bile duct and 15 did not. Seventy- 
three percent of those with cystic dilatation and 10% of those without 
cystic dilatation had carcinoma. The occurrence of the neoplasm 
does not appear to be related to cystic dilatation. The authors 
concluded that regurgitation of pancreatic secretions into the biliary 
system, which is permitted by the anomalous ductal union, can cause 
both cystic dilatation of the bile ducts and gallbladder carcinoma. 


Charles A. Rohrmann, Jr. 


Measurement of gastric emptying time by real-time ultrasonog- 
raphy. Bolondi L, Bortolotti M, Santi V, Calletti T, Gaiani S, Labo G 
(| Clinica Medica, Policlinico S. Orsola, via Massarenti, 9, 40138 
Bologna, Italy). Gastroenterology 89:752-759, 1985 


Gastric emptying time was assessed by using sonographic meas- 
urement of the gastric antrum. Fifty-five subjects were examined 
including 18 normals and 36 with idiopathic functional dyspepsia. The 
emptying time was determined by measuring the changes in the 
cross-sectional area of the gastric antrum at regular 30-min intervals 
after a standard 800 calorie meal. Final emptying time was considered 
to be the time at which the antral area or volume returned to basal 
value. Final emptying time was 248 + 39 min (mean + SD) in normal 
subjects and 359 + 64 min in patients with dyspepsia. The authors 
conclude that sonography of the antral pyloric region allows accurate 
determination of total gastric emptying time. 


Charles A. Rohrmann, Jr. 


Cholescintigraphic detection of functional obstruction of the 
sphincter of Oddi: effect of papillotomy. Shaffer EA, Hershfield NB, 
Logan K, Kloiber R (Room 1885, Health Sciences Centre, University 
of Calgary, 3330 Hospital Dr., N.W., Alberta, Canada T2N 4N1). 
Gastroenterology 90:728-733, 1986 


In an attempt to identify a quantitative test to evaluate patients 
with postcholecystectomy sphincter of Oddi dysfunction, quantitative 
cholescintigraphy was accomplished in 35 postcholecystectomy con- 
trols without symptoms, nine patients with suspected sphincter of 
Oddi dysfunction studied before and after sphincterotomy, and 18 
patients with overt cholestasis from extrahepatic obstruction (6) and 
parenchymal liver disease (12). In patients with sphincter of Oddi 
dysfunction or with cholestasis, the time to attain maximal activity in 
the biliary system was longer, the percentage of radionuclide excreted 
was less than 45, 60, and 90 min, and the emptying rate was slower 
when compared with postcholecystectomy controls. After sphincter- 
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otomy, biliary activity peaked earlier than before sphincterotomy and 
the percentage excreted at 45 min increased. The values did not 
revert to normal, however. Relief of symptoms was obtained in eight 
of nine patients. The one failure had normal emptying characteristics 
before sphincterotomy. The authors concluded that functional ob- 
struction at the sphincter of Oddi exists and in the absence of overt 
cholestasis can be detected by quantitative chelescintigraphy. Suc- 
cessful sphincterotomy may not be accompanied by normal biliary 
emptying. 

Charles A. Rohrmann, Jr. 


Esophageal motor function in patients with muscular dystrophy. 
Eckardt VF, Nix W, Kraus W, Bohl J (Dotzheimer Str. 14-18, 6200 
Wiesbaden, Federal Republic of Germany). Gastcoenterology 90:628- 
635, 1986 


Thirteen patients with myotonic dystrophy, 14 patients with “non- 
myotonic” muscular dystrophy, and eight contra! subjects were stud- 
ied by manometry and radionuclide-transit studies. Patients with 
myotonic dystrophy exhibited marked weakness of upper esophageal 
sphincter pressure and primary esophageal peristalsis. Coordination 
of these functions remained normal, however. The deficiency resulted 
in delayed esophageal empyting in all patients. In contrast, esopha- 
geal motility in patients with the “nonmyotonic” form of muscular 
dystrophy and in the controls was normal. 


C. Rohrmann, Jr. 


Antegrade transcholecystic sphincterotomy: canine study of a 
new interventional technique. Burhenne HJ, Scudamore CH (Dept. 
of Radiology, Vancouver General Hospital, 855 W. 12th Ave., Van- 
couver, BC, Canada V5Z 1M9). Gastrointest Radiol 11:73-76, 1986 


After operative cholecystostomy with placement of drainage tube, 
five dogs underwent cannulation of the common bile duct with a 
steerable catheter through the cholecystostomy and cystic duct. An 
endoscopic diathermy catheter was then placed into the duodenum 
and positioned at the papilla of Vater using fluoroscopic control. 
Antegrade sphincterotomy was accomplished in each animal and the 
steerable catheter was used to aspirate biliary contents and evaluate 
for excessive bleeding. Subsequent surgical dissection of the sphinc- 
terotomy site revealed an adequate cut through the ampullary sphinc- 
ter in four animals. In one, the dissection showed duodenal perforation 
with generalized peritonitis. Subsequent to the animal experiments, 
the authors performed antegrade sphincterotomy in a clinical human 
patient. In contrast to the animals, a duodenoscope was positioned 
during sphincterotomy to visualize the cautery wire and confirm its 
correct position. The sphincterotomy was unsuccessful due to an 
ampullary neoplasm, however, and surgical resection was subse- 
quently required. 


Charles A. Rohrmann, Jr. 


Achalasia secondary to nongastrointestinal malignancies. Feczko 
PJ, Halpert RD (Dept. of Diagnostic Radiology, Henry Ford Hospital, 
2799 W. Grand Blvd., Detroit, MI 48202). Gastraintest Radiol 10:273- 
276, 1985 


Two cases with radiographic and endoscopic abnormalities com- 
patible with achalasia were found: one in a patient with lung carcinoma 
and one in a patient with hepatoma. Neither had tumor involving the 
gastroesophageal junction. The authors reviewed six other cases 
from the literature with an achalasia-like picture associated with 
noncontiguous malignancies. These included two cases of lung car- 
cinoma, and one each of pancreatic carcinoma, prostatic carcinoma, 
Hodgkin's disease, and hepatoma. The authors suggested that this 
process results from either destruction of the dorsal motor nuclei of 
the vagus nerve, a brain stem metastasis, or a paraneoplastic phe- 
nomenon. 


Charles A. Rohrmann, Jr. 
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Genitourinary System 


The value of ultrasonography in the diagnosis of bladder tumors 
(in German). Rozsahegyi J, Magasi P, Goeblyoes P, Bohar L, Kiss F 
(Institut fur Aerztliche Fortbildung, Urologische Klinik, H-1389 Buda- 
pest PF 112. Hungary). Fortschr Roentgenstr 143:431-437, 1986 


In 100 patients with carcinoma of the bladder, the results of 
transabdominal, transrectal and intravesical ultrasonography were 
compared with each other and with the pathologic stage as deter- 
mined by surgery or autopsy. The bladder tumor was not visualized 
in 12% of transabdominal and in 7% of transrectal sonographic 
examinations, while intravesical sonography visualized the tumor in 
all cases. The results of ultrasonography concurred with the patho- 
logic stage in 12% of the transabdominal, 69% of the transrectal, and 
92% of the intravesical studies. In addition to visualizing the intralu- 
minal component of the tumor, transvesical sonography could detect 
mural invasion as altered elasticity and distensibility of the bladder 
wall seen by changing the bladder volume during the examination. 


Peter F. Winter 


Muscles and Skeleton 


Computertomographic diagnosis and follow-up studies of bone 
and soft tissue tumors of the thoracic wall. Crone-Munzenbrock 
W. Denkhaus H, Heller M (Dept. of Diagnostic Radiology, University 
Hospital Hamburg-Eppendorf, Martinistr. 52, D-2000 Hamburg 20, 
FRG). Eur J Radiol 5:247-251, 1985 


CT investigations were performed in 103 patients with primary 
malignant bone tumors, 17 cases; with metastatic bone tumors, 48 
cases; with primary bemign bone tumors, four cases, with malignant 
soft tissue tumors of the thoracic wall, 27 cases; and, in seven cases 
presenting with inflammatory bone changes. From the data obtained 
it is evident that CT could not provide an exact differential diagnosis 
between an inflammatory process and a malignant one. Similarly, in 
benign bone tumors, CT did ot provide additional diagnostic data. In 
two-thirds ofthe cases presenting with a malignant process infiltrating 
the adjacent'tissues, CT revealed the full extent of the lesion. In the 
27 cases with soft tissue tumors of the thoracic wall, CT detected 
the true tumor extension. Finally CT was of greater help in the 
planning of the surgical treatment, of the radiotherapy, and in the 
follow-up evaluation of the results. 


A. F. Govoni 


Changes in the cervical spine in juvenile rheumatoid arthritis. 
Hensinger RN, DeVito PD, Ragsdale CD (University Hospital, Box 54, 
Ann Arbor, MI 48109). J Bone Joint Surg [AM] 68-A:189-198, 1986 


One hundred and twenty-one patients with juvenile rheumatoid 
arthritis were studied clinically and roentgenographically for evidence 
of disease of the cervical spine. Clinical stiffness and x-ray changes 
in the cervical spine occurred commonly in the 51 patients with 
polyarticular-onset disease and in the 13 patients with systemic-onset 
disease (Stills disease). However, only 12 of the patients complained 
of pain in the neck. The cervical spine abnormalities included: (1) 
anterior erosion of the odontoid process; (2) anterior and posterior 
erosion of the odontoid process; (3) subluxation of C1 on C2; (4) 
calcification in the anterior atlanto-occipital membrane and atlanto- 
axial ligament; (5) ankylosis of the apophyseal joints; (6) growth 
abnormalities in the cervical vertebrae; and (7) subluxations at various 
levels between the 2nd and 7th cervical vertebrae. Since pain was 
not a commen feature in these patients, if severe pain in the neck or 
torticollis does develop in a patient with juvenile rheumatoid arthritis, 
one should suspect that there is an additional problem such as 
fracture, infection, or tumor. 


Ray F. Kilcoyne 
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Trabecular osteopenia in Colles’ fracture. Harma P, Karjalainen P 
(Dept. of Surgery, University Central Hospital of Kuopio, Finland) Acta 
Orthop Scand 57:38-40, 1986 


A relationship between fracture and bone mineral density in the 
distal end of the radius has been suggested in the past. Other 
investigators have found that the distribution of spinal and peripheral 
osteoporosis differs between patients with vertebral fragility and 
those with hip fractures. To test this hypothesis, the authors com- 
pared forearm and vertebral bone mass in 23 women with Colles’ 
fracture. Trabecular spine density was measured by quantitative CT. 
Single photon absorptiometry measurements were obtained of the 
distal end of the radius in the region of 65% trabecular bone, and in 
the cortical bone at the junction of the middle and distal one-thirds. 
Compared with age-matched controls, the patients were found to 
have reduced trabecular bone mass in the spine and dista radius, 
but no osteopenia in the diaphysis of the radius anc ulna. The results 
suggest that patients with Colles’ fracture have trabecular but not 
cortical osteopenia. 


Ray F. Kilcoyne 


Ultrasound of the spine in focal stenosis and disc disease. Engel 
JM, Engel GM, Gunn DR (Diagnostic Ultrasound Dept., Overiake 
Hospital Radiology, 1035 116th Ave NE, Bellevue, WA 98004) Spine 
10(10):928-931, 1985 


A prospective study was performed on 67 symptomatic spine 
patients for detection of focal or diffuse spinal stenosis. The results 
of ultrasonograms were compared with findings at myelography and 
surgery. Scans were performed by using a radial arm gray-scale 
scanner with a 3.5-megahertz short focus transducer. The scan arm 
was set at 15 degrees off of the sagittal axis for imaging of the spinal 
canal. For localization of the disc levels, a confirmatory roentgeno- 
gram was obtained. Forty-four patients had focal spinal stenosis at 
ultrasonography, 24 of these had myelograms, and 16 came to 
surgery. The finding of focal stenosis alone was associated with disc 
herniation in 53% of patients who came to surgery. However, the 
presence of a “triple density” sign (a third interface due to the 
herniated disc seen between the interfaces of the lamina and the 
posterior vertebral body) increases the sensitivity of the ultrasound 
examination to 89% and gives specificity of 100% for disc pathology 
in this test group. 


Ray F. Kilcoyne 


Pediatric Radiology 


ileal stricture as a late complication of Henoch-Schonlein purpura. 
Lombard KA, Shah PC, Thrasher TV, Grill BB (Dept. of Pediatrics, 
Loma Linda University Medical Center, Loma Linda, CA). Pediatrics 
77:396-398, March 1986 


A 3-year-old male presented with abdominal distention, nausea, 
and episodic vomiting. Four months before hospitalization he had 
Henoch-Schonlein purpura. Abdominal radiographs revealed massive 
small bowel distention. Barium enema suggested intussusception. At 
laparotomy an ileal stricture was found 40 cm proximal to the leocecal 
valve. Although Henoch-Schonlein purpura does not usually have late 
complications related to the gastrointestinal tract, this patient devel- 
oped an ileal stricture, which is presumed to be secondary to vas- 
culitis and ischemia. 


Richard B. Towbin 


Soft tissue calcification: a complication of vitamin E injection. 
Barak M, Herschkowitz S, Montag J (Neonatal Dept., Naharya Gov- 
ernment Hospital, Nahariya, Israel). Pediatrics 77:382-385, March 
1986 

Two premature infants presenting with respiratory distress devel- 
oped marked soft tissue calcification after intramuscular injections of 
vitamin E. The vitamin E was administered for prevention of the 
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retinopathy of prematurity. In spite of the extensive soft tissue 
calcification no clinical difficulties occurred. The calcifications were 
nearly or completely resolved on radiographs performed at 4 to 5 
months of age. 


Richard B. Towbin 


Necrotizing tracheobronchitis: case report. Mimouni F, Ballard JL, 
Ballard ET, Cotton RT (University of Cincinnati, College of Medicine, 
231 Bethesda Ave., Cincinnati, OH 45267-0541). Pediatrics 77:366- 
368, March 1986 


A 33-week-gestation infant with hyaline membrane disease re- 
quired resuscitation and intubation at birth. At five days of age severe 
acute respiratory distress occurred. Emergency laryngoscopy re- 
vealed an occlusive distal tracheal mass. Microscopic examination of 
the mass revealed a full thickness detachment of necrotic tracheo- 
bronchial mucosa and submucosa. Treatment with antibiotics, ste- 
roids, and gentle tracheal suctioning was maintained and the child 
did well. At 31 days of age, 2 days after cessation of steroids, 
respiratory deterioration occurred. Chest x-ray demonstrated atelec- 
tasis and irregular narrowing of the distal trachea and mainstem 
bronchi. Laryngoscopy documented a circumferential band of gran- 
ulation tissue in the distal trachea, which was stented with an endo- 
tracheal tube for 2 weeks. The infant is asymptomatic at 8 months 
of age. This is the first reported survivor of necrotizing tracheobron- 
chitis. The etiology of the condition is unknown and is felt to be 
unrelated to an endotracheal intubation, infection, or toxin. The 
authors suggested that laryngoscopy for relief of obstruction followed 
by antibiotics and steroids in the preferable approach to treat the 
acute and long term sequela of the disease. 


Richard B. Towbin 


Oncology 


Subcapsular liver metastasis in ovarian cancer. Computed to- 
mography and surgical staging. Triller J, Goldhirsch A, Reinhard 
J-P (Dept. of Diagnostic Radiology, Ludwig Institute For Cancer 
Research, Inselspital, 3010 Bern, Switzerland) Europ J Radiol 5:261- 
266, 1985 


CT and a staging laparotomy were performed in 38 patients with 
Ovarian cancer (FIGO) Stage Ic-IV. In 14/38 patients CT was per- 
formed before surgery. At staging laparotomy, liver-surface metas- 
tases (most of them 2-3 cm in diameter) were seen in 14 cases. 
However, in two cases, because of tumoral adhesions, the ventral 
area of the subphrenic space could not be evaluated. CT showed 
ascites in 11 of these 14 patients; metastases on the right diaphrag- 
matic insertion were noted in five cases, and subcapsular metastases 
in eight cases. In 24 cases in which no liver surface metastases were 
noted at staging laparotomy, CT detected them in five cases. In two 
of these cases the staging was subsequently changed from Stage 
llc to Stage Ill. CT provided exact staging information in 85% of the 
cases, detecting, furthermore, local spread of the tumor and intraab- 
dominal secondary foci. In those patients in whom only a partial 
inspection could be performed at staging laparotomy (20% of the 
cases) CT provided more detailed information on the otherwise 
undetected metastases in 14%. 


A. F. Govoni 


Imaging Technology 


Sonographical-clinical-surgical correlation in the diagnosis and 
follow-up of tongue infiltrations (in German). Fruehwald F, Neuhold 
A, Seidl G, Pavelka R, Zrunek M (Roentgenabteilung II, Medizinische 
Universitaets-Klinik, Garnisongasse 13, A-1090 Vienna, Austria) Ra- 
diologe 25:483-487, 1985 

To explore the role of ultrasonography in evaluating infiltrations of 
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the tongue, 55 sonographic examinations were performed on 40 
patients. Of 16 sonographic examinations that could be correlated 
with operative findings, the size of the lesion wasscorrectly determined 
by ultrasonography in 12 and its localization in the tongue by region 
correctly predicted in all patients. Of the remaining 39 examinations 
with clinical correlation only, sonographic and elinical agreement as 
to size was found in 21 cases, while in 14 cases the tumor appeared 
larger by sonography and in 4 cases larger by palpation. In addition, 
sonography could detect extension across the midline in seven cases, 
which could be detected by palpation in only four cases. Lateral 
extension with infiltration of the pharyngeal wall was found in 10 
cases by sonography and in seven cases by palpation. 


Peter F. Winter 


Liquid crystal thermography of the thyroid. Göblyösp P, Szabolcs 
|, Szilvási |, Gönczi J, Irsy G, Góth M, Szilagyi G (Postgraduate 
Medical School, Dept. of Radiology, POB 112, H-1389 Budapest, 
Hungary) Europ J Radiol 5:291-294, 1985 


Liquid crystal thermography (LCT) of the thyroid was performed in 
102 patients, 96 women and six men, aged 16 to 70 years. Scintig- 
raphy and ultrasonography were also performed in all cases. The 
results showed that LCT was not useful in the evaluation of the 
morphology of the gland; that no specific thermographic pattern was 
noted in the cases of hypothyroidism; and that the hyperthermy 
demonstrated at times in cases of euthyroid goiter and hyperthyroid- 
ism, was also seen in toxic adenoma. The overall correct diagnosis 
was obtained in 78%. LCT is more suitable than sonography in 
evaluating the function of the thyroid and although the procedure 
does not give constant reliable information it might be useful in guiding 
a fine-needle biopsy of cold nodules, in the demonstration of nonpal- 
pable lesions, and in the follow-up. 


A. F. Govoni 


Interventional Radiology 


Evaluation of percutaneous cholangiography and percutaneous 
biliary drainage in obstructive jaundice. Lukes P, Ceder S, Wihed 
A, Falk A, Gamkou R (Dept. of Diagnostic Radiology, Östra Sjukhu- 
set, S-41685 Göteborg, Sweden) Europ J Radiol 5:267-270, 1985 


From 1978 to 1982, percutaneous transhepatic cholangiography 
was performed in 104 cases of obstructive jaundice, the procedure 
being unsuccessful in 20 patients. In 13/84 cases the procedure was 
performed only for diagnostic purposes and in the remaining 71/84 a 
draining catheter was left in situ. In 83/104 the pathologic process 
was malignant. Most common were carcinoma of the pancreas, 51/ 
83, and of the gallbladder and/or of the common bile duct, 25/83. In 
21/104 the process was benign (most common were biliary ducts 
calculi, 10/21). Percutaneous transhepatic biliary drainage (PTBD) 
was performed in 71 patients. In 63 the obstruction was caused by 
malignant lesion and in eight the obstruction was benign. The length 
of time for the biliary drainage before surgical decompression or 
insertion of an endoprothesis ranged between 1 and 53 days with 
mean time of 17 days. The results of the PTBD, evaluated in 54/63 
patients with complete data, were considered good if in the first 10 
days there was a decrease in the serum bilirubin concentration of 
more than 50% of the initial level (24/54 patients); intermediate when 
there was a decrease of less than 30% (19/54 cases); and poor in 
11 cases in which there was a reduction of less than 10%. The 
average survival time was 103 days. An analysis of the data showed 
that both procedures may be associated with various complications, 
sometimes severe; that the values of serum concentration of bilirubin 
are a poor indicator of the effect of the drainage. that PTBD does not 
affect the mortality rate, the postoperative complications, nor the 
Survival time; and that PTBD is a satisfactory alternative nonsurgical 
procedure for those patients in whom surgical decompression cannot 
be performed. 


A. F. Govoni 
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Alan J. Davidson, Distinguished Scientist, Armed Forces 
Institute of Pathology 


Alan J. Davidson is the second Distinguished Scientist to 
be appointed to the Department of Radiologic Pathology, 
Armed Forces Institute of Pathology (AFIP), as of July 1, 
1986. 

Dr. Davidson, a native of Connecticut, was raised and 
educated in California, where he was a Phi Beta Kappa 
graduate of the University of California, Berkeley, and the 
recipient of the degree of Doctor of Medicine from the 
University of California, San Francisco. A period of training in 
internal medicine was followed by a residency in diagnostic 
radiology at Stanford University, during which time his interest 
in the radiology of the kidney and urinary tract developed. 

Dr. Davidson's first faculty appointment was at Yale 
University. where his research activities centered on the effect 
of urographic contrast material on renal function, the effects 
of aging on the renal vasculature, and the radiology of renal 
infection. 

Returning to California in 1969 as Chief of Radiology, Mt. 
Zion Hospital and Medical Center in San Francisco, Dr. 
Davidson developed a department noted for its clinical 
excellence and fine residency training program. He is the 
recipient of the William G. Obata Clinical Faculty Teaching 
Award at the University of California, San Francisco, where 
he has been Clinical Professor since 1978. 

Dr. Davidson has studied, written, and lectured extensively 
in the field of uroradiology and is the author of the much- 
acclaimed textbook Radiology of the Kidney. He is an 
associate editor of the American Journal of Roentgenology. 
He is a founding member and former president of the Society 
of Uroradiclogy and of the Western Angiography Society as 
well as a member of numerous professional scientific 


organizations and a frequent visiting professor and speaker 
at post-graduate courses. 

The Armed Forces Institute of Pathology was founded in 
1862 as the Army Medical Museum to collect and reposit 
specimens and to disseminate medical and surgical 
information related to the Civil War. In the 124 years of the 
existence of this institution—known as the AFIP since 1949— 
it has become one of the most prominent institutions of 
medical scholarship in the world. In the AFIP’s role of 
education, consultation, and research, there are annually 
approximately 27,000 physician-days of postgraduate 
education, 65,000 consultations to civilian and military 
pathologists worldwide, and extensive experimental, 
statistical, and morphologic research based on the 2 million 
pathologically proven cases within its archives. 

The Distinguished Scientist program in the Department of 
Radiologic Pathology was established in 1985, after 3 
years of cooperative planning by the Director of the AFIP, the 
American Registry of Pathology, the Conjoint Committee on 
Radiology at the AFIP, and the Chairman and Registrar, 
Department of Radiologic Pathology, AFIP. The representa- 
tives of the four major radiologic societies who formed the 
Conjoint Committee on Radiology at the AFIP are: John M. 
Dennis, M.D., Chairman, American College of Radiology; 
Robert E. Campbell, M.D., Radiological Society of North 
America: Glen W. Hartman, M.D., American Roentgen Ray 
Society; and Thomas S. Harle, M.D., Association of University 
Radiologists. Mr. Otha Linton, American College of Radiology, 
is the liaison between the Committee and the AFIP. 

William W. Olmsted, M.D., was the first Distinguished 
Scientist in the Department of Radiologic Pathology. As Dr. 
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Applications for the Distinguishec Scientist position, AFIP, beginning July 1, 1988, are now being considered by the Conjoint Committee for Radiology at the 
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Olmsted's successor, Dr. Davidson will participate in the 
extensive educational, consultative, and research activities of 
the Department. Each year the five 6-week courses in 
radiologic pathology bring 550 radiology residents from more 
than 200 educational institutions throughout the United States 
and abroad to the Washington site of the AFIP. This 
represents 30 to 40% of all radiology residents within the 
United States. Additionally, three short courses for practicing 
radiologists are conducted. Staff consultation on the 2500 
pathologic cases with radiographs submitted each year to the 
AFIP provides a unique view of disease patterns that often 
elude microscopic analysis. This cooperative pathologist- 
radiologist effort enhances the quality of the consultations, 
the reports of which are ultimately returned—to the benefit 
of individual patients nationally and overseas. The research 
projects of the Department focus on radiologic-pathologic 
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correlation and are cooperative efforts between the 
Department of Radiologic Pathology and various civilian 
pathology departments. 

The efforts of the Conjoint Committee on Radiology at the 
AFIP and the financial support of their societies, including the 
American Roentgen Ray Society, have been the foundation 
for the Distinguished Scientist program. As the second 
Distinguished Scientist, Dr. Davidson is certain to continue 
the successful precedent set by Dr. Olmsted. 


David S. Hartman 

Chairman and Registrar 
Department of Radiologic Pathology 
Armed Forces Institute of Pathology 
Washington, DC 20306 


Attention AJR Contributors 


As of August 1, 1986, the editorial office address has changed. The new address is: 


American Journal of Roentgenology 


Editorial Office 


2223 Avenida de la Playa, Suite 200 


La Jolla, CA 92037 


(619) 459-2229 
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Controversies in Carcinoma of the Breast Seminar 


The Second Annual Controversies in Carcinoma of the Breast 
Seminar, sponsored by the Dept. of Radiology, University of South 
Florida College of Medicine, and the H. Lee Moffitt Cancer Center 
and Research Institute will be held at the Hyatt Regency Grand 
Cypress, Orlando, FL, Aug. 7-9 1986. The format will include lectures 
and panel discussions. The latest diagnostic imaging, radiation on- 
cology, chemotherapeutic, and surgical approaches to breast disease 
will be presented. Guest facuty will include J. Janus (Univeristy 
Rochester Medical Center), anc M. Wallack (Mt. Sinai Medical Cen- 
ter). Program Directors: R. Bramson and M. L. Silbiger. Category | 
credit: 16 hr. Fee: $350; residents, fellows: $250. Information: Char- 
leen Krissman, 12901 N. 30th St., Tampa, FL 33612; (813) 974- 
2538. 


Summer Imaging and Interventional Techniques IV 


Emory University School of Medicine, Dept. of Radiology will 
sponsor the course, Summer Imaging and Interventional Techniques 
IV, from Aug. 11-15, 1986, at Amelia Island Plantation, Amelia Island, 
FL. Course directors: Bruce R. Baumgartner and William E. Torres. 
Category | credit: 20 hr. Tuition: $450: physicians; $200: residents. 
Information: Continuing Medical Education, Emory University Schoo! 
of Medicine, 104 WGSCAB, 1440 Clifton Rd., N.E., Atlanta, GA 
30322; (404) 727-5695. 


Wendell G. Scott Lecture: Mallinckrodt Institute of 
Radiology 


John C. Villforth, Director, Center for Devices and Radiological 
Health, Food and Drug Administration, Public Health Service, will 
deliver the 15th Annual Wendell G. Scott Lecture on Sept. 8, 1986, 
at the Mallinckrodt Institute of Radiology, Washington University 
School of Medicine, St. Louis, MO. Director Villforth's topic will be 
“Regulation and Education: Is there a proper balance for the Food 
and Drug Administration?” Information: Ronald G. Evens, M.D., Di- 
rector, Mallinckrodt Institute of Radiology, 510 S. Kingshighway, St. 
Louis, MO 63110. 


CT and MRI of Brain, Head, Neck, and Spine 


The Dept. of Diagnostic Radiology of Rush-Presbyterian-St. Luke's 
Medical Center announces its Thirteenth Annual Course on Com- 


puted Tomography and Magnetic Resonance Imaging of the Brain, 
Head, Neck, and Spine. The course will be held at the Westin Hotel 
in Chicago on Sept. 18, 19, 1986. Guest faculty with extensive 
experience in these imaging techniques will join Rush Medica’ College 
faculty. Category 1 credit: 15 hr. Information: Michael S. Hackman, 
M.D., Director of Neuroradiology, Rush-Presbyterian-St Luke's Med- 
ical Center, 1753 W. Congress Pkwy., Chicago, IL 6067 2: (312) 942- 
5781. 


Practical Radiology 


The University of Virginia will offer its ninth annual postgraduate 
course, October 6-9, 1986, at the Boar's Head Inn, Charlottesville, 
VA. Faculty will include Peter H. Arger, John H. Harris. Jr.. and Eric 
vanSonnenberg and faculty members of the Dept. of Radiology of 
the University of Virginia School of Medicine. Category | crecit: 20 hr. 
Fee: $350. Information: Theodore E. Keats, M.D., Professor & Chair- 
man, Dept. of Radiology, U. of Va. School of Medicine, Charlottesville, 
VA 22908. 


Diagnostic Radiology of the TMJ 


A correlative hands-on course in Direct Parasagittal CT Imaging of 
the Temporomandibular Joint with Arthroscopic correlation will be 
held at the Marco Beach Hilton, Marco Island, FL on Oct. 23-26, 
1986. The course is co-sponsored by The Florida Institute for Tem- 
poromandibular Study and the Florida Medical Foundation. “he Insti- 
tute faculty will include John Wm. Ufema, Douglas G. Nuelle, and 
Michael C. Alpern. Recent developments in TMJ diagnosis and ther- 
apy will be discussed with an emphasis on a team approach. The 
newest techniques for CT imaging of the TMJ will be discussed and 
correlated with arthrosocpic findings. In addition, diagnostic and 
therapeutic arthroscopic techniques will be demonstrated. Anatomic 
models will be made available for participants to practice in a work- 
shop setting. The course will be of particular interest to rad ologists, 
radiologic technologists, orthodontists, oral surgeons, anc orthope- 
dists. Category | credit: 18 hr. Fee: $450 (reduced fee for technolo- 
gists, dental hygienists, and assistants). Informatiom: John Wm. 
Ufema, M.D., The Florida Institute for Temporomandibuler Study, 
4486 North Shore Dr., Charlotte Harbor, FL 33950; (813) 625-1399. 


Gastrointestinal Diseases 


The 15th Annual Radiology Seminar, Gastrointestinal Diseases, 
sponsored by the Maricopa Medical Center will be held Nov. 14-16, 
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1986, at Marriott's Camelback Inn, Scottsdale, AZ. Fee: $350 for 3- 
day seminar; $250 for Saturday and Sunday. Category | credit: 22 
hr. Program director: Alex Newman, M.D., Dept. of Radiology, Mari- 
copa Medical Center, P.O. Box 5099, Phoenix, AZ 85010; (602) 267- 
5361. 


Brachytherapy of Choroidal Melanoma 


Symposium/Workshops—Brachytherapy of Choroidal Melanoma 
will be held on Nov. 20-21, 1986, at the Barbizon Hotel, 140 E. 63 
St., New York, NY. The 1-day symposium will include talks on clinical 
experiences with iodine-125, cobalt-60, and ruthenium-106. Work- 
shops on day 2 for ophthalmology, radiation therapy, and radiation 
physics. Information: Samuel Packer, M.D., Division of Ophthalmol- 
ogy, North Shore University Hospital, 300 Community Dr., Manhas- 
set, NY, 11030; (516) 562-4503, or Marvin Rotman, M.D., Downstate 
Medical Center, 450 Clarkson Ave., Brooklyn, NY 11203; (718) 270- 
2181. 


International Symposium on Breast Cancer 


The Tata Memorial Center and Association of Surgeons of India 
will sponsor an international symposium on breast cancer, Jan. 1-4, 
1987, at Taj Palace Hotel, New Delhi, India. The symposium will 
address the state of the art in all aspects of breast cancer, including 
basic research, that is of interest to the clinician. Information: Confer- 
ence Secretariat, Tata Memorial Hospital, Ernest Borges Marg, Parel, 
Bombay 400012, India. 


International Symposium on “MR ’87” 


The Dept. of Radiology, University of Munich, the Dept. of Diag- 
nostic Radiology, National Institutes of Health, Bethesda, and the 
Dept. of Radiology, University of California, San Francisco will present 
an international symposium on MRI at Garmisch-Partenkirchen/Ba- 
varia, Jan. 29-Feb. 1, 1987. Topics: image quality, cardiovascular 
system, brain and spinal canal, abdomen, soft tissue and joints, 
spectroscopy, side effects, and work in progress. The faculty will be 
from Europe and the United States and there will be simultaneous 
translation in English and German. 


Gastrointestinal Radiologists Meeting and Course 


The 16th Annual Meeting and Postgraduate Course presented by 
The Society of Gastrointestinal Radiologists will be held Feb. 8-13, 
1987, at the Camelback Inn, Scottsdale, AZ. Information: Lynne K. 
Tiras, International Meeting Managers, P.O. Box 271411, Houston, 
TX 77277-1411; (713) 729-6418. 


Advanced Perinatal Ultrasound Seminar 


The Advanced Perinatal Ultrasound Seminar, cosponsored by the 
Dept. of Radiology, Orlando Regional Medical Center, and the Center 
for Medical Ultrasound, Bowman Gray School of Medicine, will be 
held on Feb. 26-28, 1987, at the Buena Vista Palace Hotel, Lake 
Buena Vista, FL. Speakers include Drs. Campbell, Filly, Hadlock, 
Hobbins, Leopold, and Platt. Category | credit: 14 hr of the Physicians 
Recognition Award will be given. Fee: $325: physicians, $225: resi- 
dents and sonographers. Information: Lennard D. Greenbaum, M.D., 
Chief, Section Diagnostic Ultrasound, Orlando Regional Medical Cen- 
ter, 1416 S. Kuhl Ave., Orlando, FL 32806; (305) 841-5229, or 
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Frederick W. Kremkau, M.D., Director, Center for Medical Ultrasound, 
Bowman Gray School of Medicine, 300 S. Hawthorne Rd., Winston- 
Salem, NC 27103; (919) 748-4505. 


American Radium Society Meeting 


The 69th Annual Meeting of the American Radium Society will be 
held April 6-10, 1987, in London, England at the Portman Inter- 
Continental. Information: Ms Suzanne Bohn, Executive Secretary, 
American Radium Society, 925 Chestnut St., Philadelphia, PA 19107; 
(215) 574-3179. 


VI Congress of European Association of Radiology 


The Portuguese Society of Radiology and Nuclear Medicine will 
organize the VI Congress of the European Asseciation of Radiology, 
which will be held from May 31-June 6, 1987, in Lisbon, Portugal. 
The scientific program will cover comprehensively conventional ra- 
diology and emphasize the choices, range, and impact of the new 
imaging techniques, interventional radiology, contrast media, tissue 
characterization, oncologic staging, patient management, and health 
care planning. Category | credit: 42 hr. Information: Secretariat ECR 
‘87, Av. Elias Garcia, 123-7° Dt°, 1000 Lisbon, Portugal; Tele: 77 
05 30; Telex: 62074 SPRMN P. 


Official AIUM Guidelines and Statements in 
Obstetrical Ultrasound Now Offered in One 
Pamphlet 


The American Institute of Ultrasound in Medicine (AIUM) has just 
released for purchase a pamphlet with its seven statements and 
guidelines. Included in the pamphlet are: Antepartum Obstetrical 
Ultrasound Examination Guidelines; Guidelines for Minimum Post- 
Residency Training in Obstetrical and Gyneeological Ultrasound: 
Statement on Reimbursable Obstetrical Ultrasound; Statement on 
Mammalian In Vivo Ultrasonic Biological Effects; Statement on In 
Vitro Biological Effects; Statement on Clinical Safety; Safety State- 
ment for Training and Research. The pamphlet is available for $2.00. 
To purchase copies of the pamphlet, contact the Publications De- 
partment, AIUM, 4405 East-West Highway, Suite 504, Bethesda, MD 
20814. (All orders must be prepaid.) The American Institute of Ultra- 
sound in Medicine represents the physicians, scientists, engineers, 
and sonographers involved with diagnostic medical ultrasound. 


Meeting and Course Review 


For reader convenience, a summary of upcoming meetings and 
courses is provided. Detailed listings in the AJR issues noted in 
parenthesis. 


Weekend courses. Frontiers in Chest Diagnosis, Sept. 22-26, 
Edinburgh; Bone and Genitourinary Imaging, Nov. 3-7, Marbella, 
Spain (Feb) 

Pediatric Imaging Course, Aug. 3-6, Colorado Springs (Nov) 
Cerebrovascular Imaging, Breast Diagnosis, and Other Imaging 
Topics, Aug. 3-6, Cape Cod, MA (May) 

Congress of Asean Association of Radiology, Aug. 7-9, Singapore 
(Dec) 

Top of the World Radiology, course, Aug. 9-16, Great Bear Lake, 
Canada (Dec) 

Diagnostic Imaging Symposium, Aug. 11-14, Newport RI (March) 
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Orthopedic and Musculoskeletal Radiology, course, Aug. 11-15, 
Snowmass, CO (May) 

International Education Series. Controversies in Medicine, Aug. 
14-22, Aug. 21-29, London (Jan) 

Sonomammography, courses, Aug. 18-22, Dec. 8-12, Philadelphia 
(May) 

Ultrasound Congress in Denmark, Aug. 19-22, Copenhagen (Oct) 
Neuroraciologic, Thoracic, and Abdominal Imaging, conference, 
Aug. 25-28, Napa, CA (May) 

San Diego Courses: Biology and Physics of Radiology, Sept. 1-5; 
Postgraduate Course, Oct. 13-17, both San Diego (Oct) 
Radiotherapy in Developing Countries, symposium, Sept. 1-5, 
Vienna (June) 

Blood Vessel Imaging, conference, Sept. 4-5, Southhampton, U.K. 
(June) 

Diagnostic Ultrasound in Obstetrics and Gynecology, course, Sept. 
5-7, Baltimore (July) 

Current Topics in Diagnostic Radiology, course, Sept. 8-12, Ber- 
muda (July) 

Transrectal Ultrasound in Diagnosis and Management of Prostate 
Cancer, international symposium, Sept. 11-12, Detroit, MI (July) 
Radiology Congress in Salzburg, Sept. 7-13 (Feb) 
Mammography Course, Sept. 8-11, Oct. 20-23, both Boston (Feb) 
Organ Imaging Review, Sept. 8-12, Toronto (Feb) 

International Conference on MRI and CT of Head and Spine, Sept. 
8-12, La Napoule, France (May) 

Musculoskeletal Disorders, course, Sept. 10-13, Vancouver, BC 
(June) 

Doppler Echocardiography Seminar, Sept. 11-13, Tarpon Springs, 
FL (May) 

Doppler Echocardiography Seminar, Sept. 11-13, Tarpon Springs, 
FL (July) 

Physics of Radiology, Nuclear Medicine, and Radiobiology, Sept. 
15-17, New York (July) 

Imaging and Intervention in Gastrointestinal Diseases, Sept. 18- 
20, Philadelphia (July) 

Practical Aspects of Mammography, Sept. 20-21, New York (June) 
MRI for Technologists, Sept. 19-20, Dec. 5-6, Houston (June) 
Paris Fall Ultrasound Symposium, Sept. 20-28 (May) 

Masters International Diagnostic Radiology Conference, Sept. 21- 
26, Vienna (April) 
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Blood Flow in the Brain, meeting, Sept. 23-25, Glasgow, Scotland 
(Dec) 

Brain Anatomy and MRI, meeting, Sept. 26-27, Marsei les (April) 
Neuroradiology and Head and Neck Radiology, course, Sept. 29- 
Oct. 3, Boston (May) 

Functional Imaging in Neurology and Psychiatry, Sept. 29—Oct. 4, 
Supetar (Brac, Yugoslavia) (May) 

European Symposium, Oct. 1-4, Vienna (March) 

Courses in Diagnostic Ultrasound, Oct. 6-Nov. 7, Winston-Salem, 
NC (July) 

Advanced Neuroradiology, Oct. 9-11, Orlando, FL (July) 
Diagnostic Radiology Seminar, Nov. 3-7, Maui, Hawaii (July) 
Gastrointestinal Cancers, conference, Nov. 12-14, Houston (May) 
Indian Radiation Oncology Congress, Dec. 5-7, Bombay April) 
Thoracic Imaging 1987, Feb. 16-19, 1987, Orlando, FL (May) 
Fleischner Society Annual Symposium, May 21-23, 1987, San 
Francisco (July) 

1987 Radiology Congress, Lisbon, May 31-June 6, 1987 (Oct) 
International Conference on Computer-Assisted Radiology. July 
1-4, 1987, West Berlin (Feb) 

Sarcoidosis and Granulomatous Disorders, congress, Sept. 6-11, 
1987, Milan (June) 





AJR carries announcements of courses, symposia, and 
meetings of interest to its readers if received a minimum of 4 
months before the event. There is no charge; receipt of items 
by the AJR Editorial Office is not acknowledged. Submit items 
for publication typed double spaced. Provide title, date, loca- 
tion, brief description, sponsor, course directors. fees, cate- 
gory | credit, and address and telephone number for additional 
information. Faculty from the host institution will mot be listed. 
Guest faculty names will appear only if initials are provided. 
Mail news items to AJR Editorial Office, 2223 Avenida de la 
Playa, Suite 200, La Jolla, CA 92037. 











Classified Advertising 


Positions Available 


RESEARCH SUPERVISOR WITH PH.D. Must 
have research experience in microradiography, 
cerebrovascular histochemistry, and vascular 
histology. Individual will supervise research lab 
activities that specialize in the preparation of x- 
ray specimens, celloidin sections of brain tissue, 
and large-area glycol methacrylate resin brain 
sections. Salary competitive and commensurate 
with qualifications and experience; position is 12 
mo. (not academic year) basis. Send current CV 
to: C. Douglas Maynard, M.D., Dept. of Radiol- 
ogy, Bowman Gray School of Medicine, Winston- 
Salem, NC 27103. AA/EOE 8a 


TWO YOUNG RADIOLOGISTS seek a third radi- 
ologist in expanding hospital-based practic near 
Canadian border in northern New York. All 
modalities available. Write P. Berman, HC 61 Box 
454, Massena, NY 13662. 8-7a 


JR. FACULTY POSITIONS at Wayne State 
University, Detroit Medical Center in general 
radiology. Seeking board certified radiologist who 
will spend 50% of the time in general radiology 
and the remainder in sub-speciality interests and 
teaching. Send CV and salary requirements to 
Dr. Thomas Slovis, Children’s Hospital of 
Michigan, Dept. of Radiology, 3901 Beaubien 
Bivd., Detroit, MI 48201. Wayne State University 
is an equal opportunity/affirmative action 
employer. 8-10a 


PROGRESSIVE, DIVERSIFIED HEALTH CARE 
PROVIDER in the sea-coast area of New Hamp- 
shire seeks a Director of Radiology. Department 
performs in excess of 25,000 studies per yr. With 
use of the most recent technology, the hospital- 
based imaging modalities include CT scanning, 
sonography, mammography, and general radio- 
graphy. Candidates must be certified in radio- 
grapy by the American Board of Radiology and 
have strong training and clinical experience in 
the above modalities, as well as strong organiza- 
tional skills. Interesi and expertise in interven- 
tional techniques and neuroradiology a prerequi- 
site. Compensation arrangement negotiable in 
this attractive practice setting. Send CV, letter of 
reference, and other credentials to: Ron 
Goodspeed, M.D., Exeter Hospital, Inc., 10 Buzell 
Ave., Exeter, NH 03833. 8-9a 


DIAGNOSTIC RADIOLOGISTS SOUGHT. In an- 
ticipation of a planned clinical expansion with a 
complete, newly equipped 12-room radiology ser- 
vice, this medical center is actively recruiting staff 
radiologists. We have openings for board certified 
radiologists with experience in CT, ultrasound, 
MRI, angiography, and DSA. The 327-bed VA 
Medical Center, Radiology Service, is closely af- 
filiated with the University of Ilowa College of 
Medicine and suitable candidates may be con- 
sidered for combined University/VAMC appoint- 
ment at a level and salary commensurate with 
training and experience. Send CV to Frank M. 
Behlke, M.D., Chief, Radiology Service, VA 
Medical Center, lowa City, lowa 52240 or 
telephone FTS 863-6270 or (319) 338-0581, Ext. 
270. Equal Opportunity/Affirmative Action 
Employer. 9-10a 


GENERAL RADIOLOGIST. Applications are be- 
ing solicited for an academically oriented general 
radiologist, with interest in bone preferred, at the 
assistant or associate professor level at the Vet- 
erans Administration Medical Center, Martinez, 
CA, an affiliate of the University of California, 
Davis. The VA Medical Center is located in the 
San Francisco Bay area, approximately 30 miles 
from San Francisco. Address inquiries and CV 
to Stanley B. Reich, M.D., Chief, Diagnostic 
Radiology (114A), VA Medical Center, 150 Muir 
Road, Martinez, CA 94553 by September 1, 1986. 
The VA is an affirmative action/equal opportuni- 
ty employer. 7-8a 


BOARD CERTIFIED RADIOLOGIST. Six man 
radiology group seeks new associate with 6-12 
mo. fellowship/experience in MRI. New 1.5 T unit 
to be operational by year-end. The group pro- 
vides complete radiologic services in fully- 
equipped 500-bed hospital, and private out- 
patient office. Send CV to Eric R. Rosenberg, 
M.D., Dept. of Radiology, New Hanover Memorial 
Hospital, Wilmington, NC 28403. 8-10ap 


BOARD CERTIFIED RADIOLOGIST position is 
being offered by dynamic 14-member group. Op- 
portunity to develop community hospital depart- 
ment that is modern and well-equipped. Skills 
must include general radiology, nuclear medi- 
cine, angiography, CT, and ultrasound. Fellow- 
ship preferred. For confidential consideration 
please submit CV to Box E34 AJR (see address 
this section). 8-9ap 


THE VA MEDICAL CENTER, Lake City, FL offers 
an excellent opportunity for a board certified 
radiologist to serve as Chief of a progressive 
Radiology Dept. Must be experienced in interven- 
tional techniques with CT, modern ultrasound, 
and angiography. Teaching activities in surgery 
with the University of Florida are ongoing. Travel 
and relocation expenses are authorized. Ex- 
cellent benefits including vacation, sick leave, 
health & life insurance, malpractice insurance; 
salary will be commensurate with qualifications. 
The Lake City area has ideal year-round climate, 
no state income tax, short, and uncongested 
commuting to and from the Medical Center. Con- 
tact John H. Beggs, M.D., Chief of Staff, VA 
Medical Center, Lake City, FL 32055; (904) 
755-3016 ext. 2011. An equal opportunity 
employer. 8a 


DIAGNOSTIC RADIOLOGIST. Seeking board cer- 
tified radiologist to join a group of 7 radiologists 
in Portland. Large hospital and 2 offices. We of- 
fer all radiographic services including MRI. Re- 
quire a background in body imaging, mammog- 
raphy, and interventional radiology. Position 
leads to equal partnership. Send CV to James 
Waskey, M.D., 507 N.E. 47th Ave., Ste. 101, 
Portland, OR 97213. 7-9ap 


CT/ULTRASOUND. Board certified radiologist to 
join faculty of the University of Texas at San An- 
tonio. MR experience useful but not necessary. 
Contact Robert L. Siegle, M.D., Chief, Diagnostic 
Radiology, Dept. of Radiology, University of Texas 
Health Science Center at San Antonio, 7703 
Floyd Curl Dr., San Antonio, TX 78284. Equal op- 
portunity/affirmative action employer. 7-9a 


NEURORADIOLOGY. Faculty appointment for a 
trained neuroradiologist with interest in teaching 
and research at the Medical School of the Univer- 
sity of Texas Health Science Center at San An- 
tonio. Send CV to Robert L. Siegle, M.D., Chief, 
Diagnostic Radiology, Dept. of Radiology, The 
University of Texas Health Science Center at San 
Antonio, 7703 Floyd Curl Dr., San Antonio, TX 
78284. Equal opportunity/affirmative action 
employer. 7-9a 


INTERVENTIONAL RADIOLOGY. 412 bed hospi- 
tal and Outpatient Radiology Group in Miami 
seeks a board-certified interventional radiologist 
with visceral angiography experience. Fellowship 
training preferred. Send resume to Albert J. 
Gilson, M.D., Ste. 319, 11880 Bird Road, Miami, 
FL 33175. 7-8a 


AGGRESSIVE DIAGNOSTIC RADIOLOGY 
GROUP in need of new associate. Must be board 
certified and would prefer multi-talented back- 
ground including interventional radiology, 
nuclear medicine, ultrasound, CT, and MRI ex- 
perience. Our group covers 4 hospitals including 
regional trauma center and 2 offices. Located in 
The Sparkling City by the Sea. Kindly send CV 
to Richard P. Chepey, M.D., 2481 Morgan Ave., 
PO. Box 5608, Corpus Christi, TX 78405. 7-10ap 


BOARD CERTIFIED diagnostic radiologist. All 
diagnostic modalities except MR. MR installation 
planned in 11⁄2 years. Busy in-patient and out- 
patient practice. Salary negotiable and early part- 
nership available. Send CV to Box C23, AJR (see 
address this section). 6xa 


CHAIRMAN, DEPT. OF RADIOLOGY, San Jose 
Medical Group. Immediate availability. Qualified 
individuals will have graduated from a major U.S. 
medical school, and will have completed an ap- 
proved residency in radielogy in a major aca- 
demic center. Further qualifications will include 
expertise in conventional diagnostic radiology, ul- 
trasonography, mammography, nuclear medi- 
cine, computerized axial tomography, and uro- 
radiology. In addition to having expertise in these 
areas, qualified individuals will have sufficient 
managerial and executive capability to accom- 
plish the establishment of many of these new ser- 
vices. Qualified applicantswwill also have the abili- 
ty to direct the establishment of basic radiologic 
facilities in a network of family practice sites in 
the community. Compensation will be a salary 
based on qualification and experience, until the 
first Jan. 1 after the least 12 months of employ- 
ment. Then the chairman will be eligible for con- 
sideration for membership in the corporation and 
senior physician status following approval by the 
board of directors. Accompanying the salary will 
be a liberal fringe benefit package. Send applica- 
tions to Recruitment Director, San Jose Medical 
Group, 45 S. 17th St., San Jose, CA 95112. The 
application should include an updated curricu- 
lum vitae, and an accompanying letter describ- 
ing the applicants interest in and experience for 
a substantial leadership epportunity. Applicants 
who meet these requirements will be further con- 
tacted and invited for interviews. 6-8a 


NEURORADICLOGY/MBRI. Private clinic seeks 
board certified radiologist with MRI experience 
to oversee and direct diagnostic center. Excellent 
salary and recreational activities. Reply: PO. Box 
292527, Davie, FL 33324. 6-10ap 


DIRECTOR, PEDIATRIC RADIOLOGY. Can- 
didates sought by Dept. of Radiology, St. Louis 
University School of Medicine and the Cardinal 
Glennon Children’s Hospital. Successful candi- 
date must be board certified in radiology with 
subspecialization in pediatric radiology. A record 
of academic achievementand administative abili- 
ty must be present. Salary will be competitive and 
dependent upon academic rank which will be at 
the level of associate or full professor. Send cur- 
riculum vitae to: John B. Shields, M.D., Chair- 
man, Dept. of Radiology, St. Louis University 
Medical Ctr., 1325 S. Grand St., St. Louis, MO 
63104. St. Louis University is an Equal Oppor- 
tunity Employer. 5-8a 


RADIOLOGIST—For a practice in the sunny 
Shuswap at Salmon Arm, B.C., northern gateway 
to the Okanagan Valley. This practice includes 
general radiology and ultrasound. Based in 
Salmon Arm, the practice includes two other 
small hospitals, with a total service population of 
40,000. Part-time relief service is available in the 
community and through ether groups in the area. 
Direct applications or inquiries to: The Ad- 
ministrator, Shuswap Lake General Hospital, Box 
520, Salmon Arm, B.C., Canada VOE 2TO. 6-8a 


RADIOLOGIST—A rapidly expanding pre-paid 
health plan is seeking a board eligible/certified 
radiologist to join current radiologist in providing 
services within our multi-specialty group. Modern 
intensively-equipped facilities, growing radiology 
demands. We will provide quality support staff, 
benefits, arid incentive programs. Please send 
CV to: HealthAmerica, 5701 W. Sunrise Blvd., 
Plantation, FL 33313 or call Frances Grant, 
Medical Staff Coordinator (305) 581-5008, ext. 
323. Equal Opportunity Employer. 5-8ap 
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ANGIOGRAPHY/INTERVENTIONAL radiology 
faculty position, Dept. of Radiology, Case 
Western Reserve University. Appl cations invited 
from qualified radiologists. Candidates should be 
board certified or eligible,- preferably with 
fellowship-experience. Appointment will be to a 
tenture track position at assistant or associate 
professor level, depending on qualifications. The 
successful! candidate will participate in an active 
clinical service and have responsibility for 
developing and introducing new techniques. Ful- 
ly equipped, modern departmert with a new 
2-room angiography suite. Excellent opportunties 
for collaborative and individual research, medical 
student and resident teaching and professional 
development. Inquiries to: E.M. Bellon, M.D., 
Director, Dept. of Radiology, Cleveland Metropol- 
itan General/Highland View Hospital, 3395 
Scranton Road, Cleveland, OH 44109. (216) 
459-4020. Case Western Reserve University is 
an Equal Opportunity Employer. 6-8a 


CHIEF, RADIOLOGY SERVICE. Full-time posi- 
tion immediately available for board certified 
radiologist in university affiliated VA Medical 
Center. Faculty appointment assurad. Excellent 
salary and fringe benefits. Send CV to Chief, Per- 
sonnel Service (05), VA Medical Center, 4100 W. 
Third St., Dayton, OH 45428, or call (513) 
268-6511, ext. 2506. An Equal Opportunity 
Employer. 6-8a 


RADIOLOGIST—VA Medical Center, Tuskegee, 
Alabama, an 831-bed general medical facility, af- 
filiated with Morehouse School of Medicine in 
Atlanta, Georgia, has immediate need for a radi- 
ologist. Experience in nuclear medicine, arteri- 
ography, ultrasound and CT desirable. Board cer- 
tification is mandatory. Located in Zast Central 
Alabama, good climate, mild winters with abun- 
dance of recreational and educational oppor- 
tunities. Salary including special physician's pay, 
$70,000-$87,000/year, with liberal fringe benefits 
package. Equal opportunity employer. Call 
205-727-0550, extension 3645, or write: Chief of 
Staff, VA Medical Center, Tuskegee, AL 36083. 
5-8a 


ISRAEL, DIAGNOSTIC RADIOLOGY. Opportun- 
ities for 3-4 week or longer working vacations in 
a number of Israeli medical centers, on a volun- 
teer basis. Positions varied, arrangements flexi- 
ble. For information contact: Jonathan H. Fish, 
M.D., 1844 San Miguel Dr., #302, Walnut Creek, 
CA 94596; (415) 947-0560. 8xa 


Positions Desired 


RADIOLOGIST wants to purchase multi-modality 
private office practice, preferably with availability 
of CT. All locatiens considered. Reply Box D25. 
AJR (see address this section). 7-9b 


RADIOLOGIST wants to purchase contract with 
100-200 bed hospital or outpatient clinic. Prefer 
East Coast, but other locations considered. Reply 
Box D27. AJR (see address this section). 7-9b 


Fellowship and Residencies 


THE DEPT. OF RADIOLOGY at the Hospital of 
the University of Pennsylvania is currently offering 
a 1- or 2- yr fellowship in the Medical Imaging 
Section. Training will be provided in the applica- 
tion of computer technology to the processing of 
medical images. The applicant should have com- 
pleted an accredited radiology training program 
and preferably be board certified before starting 
the fellowship. The fellowship is part of a contin- 
uing effort by the Dept. of Radiology to bring 
about a symbiosis between basic science 
research in medical imaging and Clinical radiol- 
ogy. Applicants snould submit a CV and a list of 
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4 references to: Gabor T. Herman, Ph.D., Pro- 
fessor and Chief, Medical Imaging Section, Dept. 
of Radiology, Hospital of the University of Penn- 
sylvania, 3400 Spruce St., Philadelphia, PA 
19104. The University of Pennsylvania is an af- 
firmative action/equal opportunity employer. 
Minorities and women are encouraged to apply 
for the fellowship. 8c 


PEDIATRIC RADIOLOGY FELLOWSHIP. Chil- 
drens Hospital of Los Angeles has an opening 
for a Fellow in Radiology Department starting 
July 1, 1987. Childrens Hospital of Los Angeles 
is the largest childrens hospital on the West 
Coast. All aspects of pediatric radiologic imag- 
ing are represented at the hospital. The position 
is for 1-yr with an opportunity for a second year. 
Send CV to John L. Gwinn, M.D., Radiology 
Dept., Childrens Hospital of Los Angeles, 4650 
Sunset Blvd., Los Angeles, CA 90027. Childrens 
Hospital is an equal opportunity employer. 7xc 


VISCERAL IMAGING and Interventional 
Radiology fellowship. 3 positions available to 
begin July 1987. 612-bed teaching hospital. Fel- 
lows will be actively involved in diagnostic CT and 
ultrasound. Fellows will also participate in all 
vascular and nonvascular procedures including 
angioplasties, biliary, GU, biopsies, abscess 
drainages, and angiography. Send inquiries to 
Harvey L. Neiman, M.D., Chairman, Dept. of 
Radiology, The Western Pennsylvania Hospital, 
4800 Friendship Ave., Pittsburgh, PA 15224 6-8a 


CARDIOVASCULAR/INTERVENTIONAL Radiol- 
ogy Fellowship. Thomas Jefferson University 
Hospital announces a new fellowship program 
combining training in cardiac, vascular, and in- 
terventional radiology. 1- and 2-year positions are 
available beginning July 1, 1987. The 1-year pro- 
gram offers intensive clinical experience in 
general angiography, coronary angiography, and 
interventional procedures. The 2-year program 
emphasizes additional experience in interven- 
tional techniques and cardiac imaging, and pro- 
vides time for research. Applicants should be 
board certified or eligible. Contact David C. Levin, 
M.D., or Geoffrey A. Gardiner, Jr., M.D. at: Dept. 
of Radiology, Thomas Jefferson University 
Hospital, Philadelphia, PA 19107. 6-8c 


NMR VISITING FELLOWSHIPS in Northern 
California. Intensive structured 1-6 week courses 
in clinical magnetic resonance with emphasis on 
CNS imaging. Integrated live instruction with 20 
hr of dual projection slide presentations in week 
1, extensive teaching file (600 cases), and up- 
dated videotape library. Certificate awarded on 
completion. References from prior fellows avail- 
able. For further information contact: Murray A. 
Solomon, M.D., San Jose MRI Center, 361 S. 
Monroe St., San Jose, CA 95128. 6-11cp 


Tutorials/Courses 


HAWAII 86-11TH ANNUAL INTERNATIONAL 
BODY IMAGING CONFERENCE. Oct. 18-26, 
1986. Diagnostic medical imaging. CME category 
| credit. Contact: Body Imaging Conference, 
Dept. of Radiology, West Park Hospital, 21915 
Roscoe Blvd., Ste. #222, Canoga Park, CA 
91304; (818) 701-5143. 8-10d 


LONDON, ENGLAND—PARIS, FRANCE. Sec- 
ond Annual Fall Ultrasound Symposia. Sept. 
20-28, 1986. Attend 1 or both symposia. 
Category | credit. Renowned faculty. Fee: U.S. 
$395 before July 18; U.S. $450 thereafter. Com- 
bined fee: U.S. $450 before July 18; U.S. $495 
thereafter. Reduced fees for interns, residents, 
and technicians. Information: Medical Seminars 
International, 21915 Roscoe Blvd., Suite #222, 
Canoga Park, CA 91304; (800) MED-TOUR (out- 
side California) or (818) 701-5143. 4-9d 
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ULTRASOUND AT SEA—Caribbean Cruse. Post 
RSNA CME 1 presented by Dr Peter Cooperberg. 
Registration: $385 before Oct. 1; $425 thereafter. 
Info: Medical Seminars International, 21915 
Roscoe Blvd., Ste. #222, Canoga Park, CA 
91304, (818) 701-5143. 7-11d 


Other 


REALIZE THE VALUE of yourpractice. A group 
of successful and well-qualifiee radiologists is in- 
terested in acquiring established radiology prac- 
tices. Hospital contacts, clinicians, and private of- 
fice settings are desired. Oppertunity for radiol- 
ogists considering retrement or reduction in 
practice activities to capitalize on the value of the 
practice they have built up durmg tneir careers. 
Alleviate the problems of professional recruit- 
ment or administrative pressures. Practices con- 
sidered throughout the country. Flexible pur- 
chase options with opportunity for continuing 
relationship arrangements. Write Box C49, AJR, 
Suite 306, 2223 Avenida de la Ptaya, La Jolla, CA 
92037. 6-5e 


AJR Indexes 


AJR CONSOLIDATED INDICES evailable in 
limited quantities. Complete your journal collec- 
tion. Order by index number. Indices ava lable, 
years covered and prices: 2, 1938-1942, $10; 3, 
1943-1947, $22.50; 4, 1948-1952, $23.50; 5, 
1953-1957, $25; 6, 1958-1962, $23.50; 7, 
1963-1967, $30; 8, 1968-1972, $40; 9, 1973-1977, 
$34. Order from: Subscription Dept. Williams & 
Wilkins, 428 E. Preston, St. Baltimore, MD 21202; 
(301) 528-4000. 
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AJR Classlifled Advertising Information 


Box Responses and Address for Ad Placement 


Write Box _—— , AJR, Suite 200, 2223 Avenida de la Playa, La Jolla, CA 92037; (619) 
459-2229. 


How to Place an At 


AJR accepts classifled advertising for Positions Available, Positions Desired, Fel- 
lowships and Residencies, and Tutorlals/Courses. Ads are accepted by mail or 
telephone. Institutlons should supply purchase orders. 
Rates: $6.00/IIne with a $30 minimum charge. Box service is $10 additional for each 
month the ad appears. There are discounts for multiple insertions: 10% for 2-3 inser- 
tions; 20% for 4 or more. To estimate lines, count all words and divide by 5.5. 
Billing: Ads may be prepaid or invoices will be sent after the ad appears. 
Deadlines. About 3 weeks before the issue mails. AJR issues mail in the middle eae, 
of the month preceding the cover date (e.g., July mails June 717). For specific deadlines, 
write or telephone the AJR editorial office. 


Estimating Ad Charges 
Line charge: divide total words by 5.5 and multiply by $6.00 .... $ 
Multiple Insertions? If so, multiply by number 
Subtotal 
Box response requested? If so, multiply number of months by 


Subtotal 


Discount applies to two or more Insertions. Subtract 10% if ad 
appears 2-3 months, 20% if 4 months or more 


Approximate advertising charge 








EMERGENCY RADIOLOGY OF THE 


ACUTELY ILL OR INJURED CHILD 
Second Edition 


By Leonard E. Swischuk, MD 

“Only Len Swischuk could produce a book quite like 
this.... The reproductions, particularly of soft tissues. 
are superb....A true teacher. [Swischuk] stresses the 
basic facts, the simple, the obvious, the variations, and 
the pitfalls.... This book should be in the library of even 
the smallest radiology department.” — J Can Assoc 
Radiol (of the First Edition) 
1986/622 pages/685 illustrations/*8049-0/S75.00 


COMPUTED TOMOGRAPHY AND 
MAGNETIC RESONANCE IMAGING 


OF THE HEAD AND NECK 
Second Edition 


By Anthony A. Mancuso, MD and William 

N. Hanafee, MD 

with a special contribution from John A. Kirchner, MD 
The leading guide to head and neck imaging now 

includes the first comprehensive discussion of otolar- 

yngologic MRI, an extensively revised chapter on tempo 

ral bone, extraordinary images generated by state-of- 

the-art equipment, and more. 

1985/504 pages/155 illustrations/*5476-7/S84.75 


Lymphography, Computed Tomography 
and Scintigraphy 
Second Edition 
Edited by Melvin E. Clouse, MD and Sidney 
Wallace, MD 

For assistance in selecting, performing and inter- 
preting lymphatic images using state-of-the-art equip- 
ment and techniques, turn to the new Second Edition 


of the only book-length exploration of lymphatic 
evaluation. 


1985/526 pages /352 illustrations/*1651-2/S87.50 





COMPUTED TOMOGRAPHY IN THE 


EVALUATION OF TRAUMA 
Second Edition 


Edited by Michael P. Federle, MD and Michael 
Brant-Zawadzki, MD 

In this new edition youll find a thorough and up-to- 
date discussion of the clinical indications for CT 
scanning in different types of trauma to virtually all 
areas of the body, keys to techniques of scanning and to 
accurate interpretation, and comparisons of CT to other 
radiographic procedures and laboratory tests. 
1986 /about 300 pages /about 370 illustrations/ 
#3102-3/about $58.95 


CLINICAL ARTHROGRAPHY 
Second Edition 


By Rolf-D. Arndt, MD, John W. Horns, MD, and 
Richard H. Gold, MD 


with a special contribution by Donald D. Blaschke, 
DDS 


Including inflammatory diseases and other joint 
abnormalities, the Second Edition retains the emphasis 
on orthopedic disorders as it expands the basic princi- 
ples of arthrography and adds new, recently published 
concepts, such as double-contrast CT arthregraphy. 
1985/282 pages/147 illustrations /*0256-2/S62.50 
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The Journal of MEDICAL PRACTICE MANAGEMENT 
Editor: Marcel Frenkel, MD, MBA 


A new journal gives you the management 
skills you need to pull ahead 


Right now you need information on some 
important topics that weren’t covered in medical 
school. Topics that are having a profound impact 
on private practice and hospital-based physicians 
across the country. 

Like competition from HMOs. Industrialization of 
medicine. The sheer number of physicians compet- 
ing for your patients. Increasing costs. 

You know the issues. What you need to know is 
the best way to face them so your practice will 
flourish in years to come. 

And that’s where The Journal of Medical Practice 
Management comes in. 


Keep up with the issues that are changing 
your way of practice forever 


The Journal of Medical Practice Management 
is anew quarterly publication that covers your 
concerns...issues affecting the way you practice 
now — and the way you'll practice in the future. 

Four times a year, an expert editorial board 
headed by Dr. Marcel Frenkel brings you concise, 
readable coverage of today’s issues and tomorrow’s 
trends. 

You'll find departments covering ® office proce- 
dures and management ® malpractice + marketing 
e manpower ® computers ® taxation ® legal and 
legislative affairs eè and health policy. 

You'll also find pertinent features like the 
Washington Report, telling you what's up in the 
nation’s capital and how it affects you...a Letter 
from Abroad, offering perspectives on how physi- 
cians are handling health care issues in other 
countries...and profiles of profit and not-for-profit 
health care delivery systems. 


A multidisciplinary editorial board 


Members of the editorial board for The Journal 
of Medical Practice Management have been care- 
fully chosen for their knowledge of the manage- 
ment aspects of practicing medicine. These 
experts, many with experience in more than one 
field, give you the perspectives you need from 
medicine, law, management, government, and 
education. 


You can control the future of your practice 

The issues you can't afford to ignore are in The 
Journal of Medical Practice Management. It’s a lot 
of information for a little money. And that’s good 
business for you. 


Reserve your charter subscription today! 


Just return the attached coupon, or call our 
FREE number, 800-638-6423, from anywhere in the 
US except Alaska and Hawaii. In Maryland, call 
528-4105 collect. Quarterly 


Williams & Wilkins 
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LEADER IN THE DEVELOPMENT OF NONIONIC CONTRAST MEDIA 


Improving the safety profile 
in a broad spectrum of applications. 





Excellent vascular tolerance: low 
incidence of postphlebographic thrombosis." 


D Significant improvement in comfort reduces patient motion‘: 
Less need for repeat examinations. 


Subjective Sensations in Peripheral Arteriography 





No or slight reactions 








E lohexol 
(n= 133 patients) 

E lonic Monomeric Media* 
(n= 130 patients) 


*Diatrizoate meglumine 52%/sodium 8%; diatrizoate 
meglumine 66%/sodium 10%; iothalamate meglumine 60% 


D Improved hemodynamic profile over conventional ionic media. 
Systolic and diastolic pressures are maintained near baseline levels.®’ 


Q Improving the nephrotoxicity profile: Minimal effect on glomerular 
filtration rate, permeability, or albumin excretion.89 


Not recommended for patients with anuria. Since adverse reactions 
can occur with nonionic media, similar preparations to those 
recommended for ionic media should be planned to handle severe 
or potentially fatal reactions. 


Wider margin of safety even at higher iodine concentrations." 
Less potential for renal damage compared to conventional ionic media. 
Minimal effect on creatinine levels and renal enzymes." 


Significant improvement in patient comfort 
in cerebral arteriography. 


ft Significant improvement over conventional ionic contrast media: 
Fewer and milder pain and warmth sensations. ''" 
Excellent neurotoxicity profile. 


ft Excellent cardiovascular safety profile: Fewer injections 
accompanied by major changes in heart rate.614.15 





For peripheral arteriography: Recommended concentrations Adapted from Wolf*; data on file, Winthrop-Breon Laboratories." 
OMNIPAQUE 300 (300 mgI/mL) or OMNIPAQUE 350 (350 mgl/mL). Comparable concentration and volume per injection 

For cerebral arteriography: Recommended concentration 

OMNIPAQULIF 200 (2300 mal/ml ) 


Excellent diagnostic quality in 
intravenous digital subtraction angiography. 


| À Greater patient comfort, better tolerance: Most subjective side 
effects are miid.616-78 


D Excellent diagnostic images: Significantly less image degradation 
secondary to swallowing, motion, coughing. '® 


D Good to excellent radiographic quality achieved in 94% of 
patients studied (n = 81).81858 94% of carotid DSA studies conducted 
with no or only slight artifacts. '’ 


Excellent patient tolerance 
in excretory urography. 


[ Less nausea, vomiting, and heat sensation compared to 
conventional ionic contrast media. 


L In 96% of patients, discomfort was absent or mild.° 


Discomfort in Urography 







| lohexol 
(n = 195 patients) 


J E lonic Monomeric Media* 
— ii (n= 164 patients) 


——— 0o% l | , 
à ‘ al À *Diatrizoate meglumine 52%/sodium 8%; iothalamate 
7% sodium; metrizoate meglumine/Na//Ca. 





Moderate 


Severe 


Data on file, Winthrop-Breon Laboratories.‘ 


OMNIPAQUE DY 


(IOHEXOL) 


‘See following pages for important product information concerning 
contraindications, warnings, adverse reactions, patient selection, 
and precautionary recommendations. 





Improving the safety profile 
in a broad spectrum of applications. 


ft Less chemotoxicity than ionic contrast media.'° 
ft Lower osmolality than conventional ionic media.'® 


ft Minimal effect on key physiologic parameters”: Well tolerated by 
most patients. 


Less neurotoxic than conventional ionic media. 
[D Few direct or indirect cardiovascular effects.2°' 


ft Improved patient comfort: Fewer artifacts due to motion 
and swallowing. '®'® 


D Less potential for allergic reactions.?” Since adverse 
reactions can occur with nonionic media, similar preparations 
to those recommended for ionic media should be planned 

to handle severe or potentially fatal reactions. 


Incidence of Adverse Reactions After Intravenous 


Injections Only, in Multicenter Clinical Trials * | : 
lohexol (n = 1,683 patients) 


BS 25%% E lonic Monomeric Media + 
3.83% (n = 1,358 patients) 










Cardiovascular t P< 0001 | 


Central nervous system+ P= 004 | 
Gastrointestinal 
(nausea, vomiting, taste) 


Skin P<.0001 
(flushing, urticaria, itching, exanthema) 


P< 0001 





'Diatrizoate meglumine 52%/sodium 8%; diatrizoate 
meglumine 66%/sodium 10%; iothalamate meglumine 


Respiratory P=.09 60%; ioxithalamate; ioglicinate; iodamide; metrizoate. 


Muscular P> tS iiz % Adapted from Dahlstrom et al.” 


t Supplied in ready-to-use vials and bottles. No dilution or 
reconstitution necessary. 























Product Size (mL/unit) Use 

OMNIPAQUE * 180 (180 mgI/mL) 10 mL, 20 mL vials, Myelo-Kit™” Lumbar, Thoracic, and CT Myelography 

OMNIPAQUE * 240 (240 mgI/mL) 10 mL, 100 mL vials, 200 mL bottle, Lumbar and Thoracic Myelography, 

| Myelo-Kit Peripheral Venography 

OMNIPAQUE ° 300 (300 mgI/mL) 10 mL, 30 mL, 50 mL, 100 mL vials Urography, Cerebral Arteriography, 

Peripheral Arteriography, Peripheral 
i es ee ee een ae = Venography 

OMNIPAQUE * 350 (350 mgI/mL) 50 mL, 100 mL vials, 200 mL bottle Angiocardiography, Urography, 
Peripheral Arteriography, |.V. Digital 
Subtraction Angiography 
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*See following pages for important product information concerning tIn general, adverse reactions to the imtravascular use of 
contraindications, warnings, adverse reactions, patient selection, OMNIPAQUE have been mild and of short duration. 
and precautionary recommendations. The general incidence of these occurrences following 


total intravascular use is slightly higher, as shown in the 


nrandi ict infarmatian an the lact nana 
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PLEASE CONSULT FULL PRODUCT INFORMATION BEFORE USING. 
A SUMMARY FOLLOWS: 
OMNIPAQUE is a nonionic, water-soluble, radiographic contrast medium 
INDICATIONS AND USAGE: OMNIPAQLE is indicated in adults for angiocar- 
diography (ventriculography, selective coronary arteriography); aortography, 
including studies of the aortic root, aortic arch, ascending aorta, abdominal 
aorta, and its branches; cerebral arteriography; digital subtraction angiogra- 
phy; peripheral angiography including arteriography and venography 
(phlebography), excretory urography, and lumbar and thoracic myelography, 
by conventional! technique and in computerized tomography 

Administration of contrast media shoulc be performed by qualified personnel 
familiar with the procedure and an appropriate technique should be utilized 
CONTRAINDICATIONS: OMNIPAQUE should not be administered to patients 
with a known hypersensitivity to iohexol. 

Lumbar puncture ordinarily should not be performed in the presence of local 
or systemic infection where bacteremia is ikely 

Intrathecal administration of corticosteroids with OMNIPAQUE is contra- 
indicated 

Because of the possibility of overdosage, immediate repeat myelography in 
the event of technical failure is contraindicated (see DOSAGE AND 
ADMINISTRATION) 
WARNINGS—General: OMNIPAQUE shculd be used with extreme care in 
patients with severe functional disturbances of the liver and kidneys, severe 
thyrotoxicosis, or myelomatosis. Diabetics with a serum creatinine level above 
3 mg/dL should not be examined unless the possible benefits of the examina- 
tion clearly outweigh the additional risk. OMNIPAQUE is not recommended for 
use in patients with anuria 

Radiopaque contrast agents are potentially hazardous in patients with multi- 
ple myeloma or other paraproteinemia, particularly in those with therapeutically 
resistant anuria. Although neither the contrast agent nor dehydration has 
separately proven to be the cause of anuria in myeloma, it has been speculated 
that the combination of both may be causative factors. The risk in myelomatous 
patients is not a contraindication, however, special precautions are necessary 
Partial dehydration in the preparation of these patients prior to injection is not 
recommended since this may predispose the patient to precipitation of the 
myeloma protein inthe renal tubules. No form of therapy, including dialysis, has 
been successful in reversing the effect. Myeloma, which occurs most commonly 
in persons over age 40, should be considered before instituting intravascular 
administration of contrast agents 

lonic contrast media, when injected intravenously or intraarterially, may 
promote sickling in individuals who are homozygous for sickle cell disease. 

Administration of radiopaque materials to patients known or suspected of 
having pheochromocytoma should be performed with extreme caution. If, in the 
opinion of the physician, the possible benefits of such procedures outweigh the 
considered risks, the procedures may be performed; however, the amount of 
radiopaque medium injected should be kept to an absolute minimum. The 
patient's blood pressure should be assessed throughout the procedure and 
measures for the treatment of hypertensive crisis should be readily available 

Reports of thyroid storm following the use of iodinated, ionic radiopaque 
contrast media in patients with hyperthyroidism or with autonomously function- 
ing thyroid nodule suggest that this additional risk be evaluated in such patients 
before use of any contrast medium 

Urography should be performed with caution in patients with severely 
impaired renal function and patients with combined renal and hepatic disease 

Caution is advised in patients with a history of epilepsy, severe cardiovascular 
disease, chronic alcoholism, or multiple sclerosis 

Elderly patients may present a greater risk following myelography. The need 
for the procedure in these patients should be evaluated carefully. Special 
attention must be paid to dose and concen:ration of the medium, hydration, and 
technique used 

Patients who are receiving anticonvulsan:s should be maintained on this 
therapy. Should a seizure occur, intravenous diazepam or phenobarbital sodium 
is recommended. In patients with a history of seizure activity who are not on 
anticonvulsant therapy, premedication with barbiturates should be considered 

Prophylactic anticonvulsanttreatment with barbiturates should be considered 
in patients with evidence of inadvertent intracranial entry of a large or concen- 
trated bolus of the contrast medium since there may be an increased risk of 
seizure in such cases 

Drugs which lower the seizure threshold, 2specially phenothiazine 
derivatives, including those used for their antihistamine properties, should not 
be used with OMNIPAQUE Others include MAO inhibitors, tricyclic antidepres- 
sants, CNS stimulants, and psychoactive drugs described as analeptics, major 
tranquilizers, or antipsychotic drugs. Such medication should be discontinued 
at least 48 hours before myelography, should not be used for the contro! of 
nausea and vomiting, and should not be resumed for at least 24 hours 
postprocedure 


OMNIPAQUE’ 
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Care is required in patient management to prevent inadvertent intracranial 
entry of a large dose or concentrated bolus of the medium. Also, effor: shou'd 
be directed to avoid rapid dispersion of the medium causing inadvertent rise to 
intracranial levels (eg, by active patient movement). Direct intracisternal or 
ventricular administration for standard radiography (not CT) is not recom- 
mended 
In most reported cases of major motor seizures with other nonionic myelo- 
graphic media, one or more of the following factors were present. Therefore 
avoid 
e Deviations from recommended procedure or in myelographic management 
e Use in patients with a history of epilepsy 
e Overdosage 
e Intracranial entry of a bolus or premature diffusion of a high concentration of 
the medium 

e Medication with neuroleptic drugs or phenothiazine antinauseants 

e Failure to maintain elevation of the head during the procedure, on the stretcher, 
or in bed 

e Excessive and particularly active patient movement or straining 

lf grossly bloody CSF is encountered, the possible benefits of a myelographic 
procedure should be considered in terms of the risk to the patient. 


PRECAUTIONS—General: Diagnostic procedures which involve the use of 
radiopaque diagnostic agents should be carried out under the directicn of 
personnel with the prerequisite training and with a thorough knowledge of the 
particular procedure to be performed. Appropriate facilities should be available 
for coping with any complication of the procedure, as well as for emergency 
treatment of severe reactions to the contrast agent itself. After parenteral 
administration of a radiopaque agent, competent personnel and emergency 
facilities should be available for at least 30 to 60 minutes since severe celayed 
reactions have occurred (see ADVERSE REACTIONS) 

Preparatory dehydration is dangerous and may contribute to acute renal 
failure in patients with advanced vascular disease, diabetic patients, and in 
susceptible nondiabetic patients (often elderly with preexisting renal d sease). 
Dehydration in these patients seems to be enhanced by the osmotic diuretic 
action of urographic agents. It is believed that overnight fluid restriction prior to 
excretory urography generally does not provide better visualization in normal 
patients. Patients should be well hydrated prior to and following iohexol 
aoministration. 

In patients with severe renal insufficiency or failure, compensatory biliary 
excretion of the drug is anticipated to occur, with a slow clearance into “he bile 
Patients with hepatorenal insufficiency should not be exam ned unless the 
possibility of benefit clearly outweighs the additional risk 

Acute renal failure has been reported in diabetic patients with diabetic 
nephropathy and in susceptible nondiabetic patients (often elderly with pre- 
existing renal disease) following excretory urography. Therefore, careful 
consideration of the potential risks should be given before performing this 
radiographic procedure in these patients. 

Immediately following surgery, excretory urography shovld be used with 
Caution in renal transplant recipients. 

The possibility of a reaction, including serious, life-threatening, fatal, ana- 
phylactoid, or cardiovascular reactions should always be considered (see 
ADVERSE REACTIONS). It is of utmost importance that a course of action be 
carefully planned in advance for immediate treatment of serious reactions, and 
that adequate and appropriate personnel be readily available in case a severe 
reaction should occur 

The possibility of an idiosyncratic reaction in susceptible patients should 
always be considered (see ADVERSE REACTIONS). The susceptible population 
includes patients with a previous reaction to contrast media, patients witha 
known sensitivity to iodine per se, and patients with a known clinical hypersen- 
sitivity: bronchial asthma, hay fever, and food allergies. 

The occurrence of severe idiosyncratic reactions has prompted the use of 
several pretesting methods. However, pretesting cannot be relied upon to 
predict severe reactions and may itself be hazardous for the patient. It is 
suggested that a thorough medical history with emphasis on allergy and 
hypersensitivity, prior to the injection of any contrast media, may be more 
accurate than pretesting in predicting potential adverse reactions 

A positive history of allergies or hypersensitivity does not arbitrarily contra- 
indicate the use of a contrast agent where a diagnostic procedure is thought 
essential, but caution should be exercised (see ADVERSE REACTIONS). 
Premedication with antihistamines or corticosteroids to avoid or minimize 
possible allergic reactions in such patients should be considered. Recent 
reports indicate that such pretreatment does not prevent serious life-threatening 
reactions, but may reduce both their incidence and severity 

Even though the osmolality of OMNIPAQUE is low compared to diatrizoate- or 
iothalamate-based ionic agents of comparable iodine concentration, the poten- 
tial transitory increase in the circulatory osmotic load in patients with congestive 
heart failure requires caution during injection. These patients should be ob- 
served for several hours following the procedure to detect delayed hemody- 
namic disturbances 

General anesthesia may be indicated in the performance of some procedures 
in selected adult patients; however, a higher incidence of adverse reactions has 
been reported in these patients, and may be attributable to “he inability of the 
patient to identify untoward symptoms, or to the hypotensive effect of anesthesia 
which can reduce Cardiac output and increase the duration of exposure to the 
contrast agent 

Angiography should be avoided whenever possible in patients with 
homocystinuria, because of the risk of inducing thrombosis and embolism 

In angiographic procedures, the possibility of dislodging plaques or damag- 
ing or perforating the vessel wall should be borne in mind during the catheter 
manipulations and contrast medium injection. Test injections to ensure proper 
catheter placement are recommended 

Selective coronary arteriography should be performed only in those patients 
in whom the expected benefits outweigh the potential risk. Tne inherent risks of 
angiocardiography in patients with chronic pulmonary emphysema mus: be 
weighed against the necessity for performing this procedure. 

Administration of contrast media should be performed by qualified personne! 
familiar with the procedure and appropriate patient management. Sterile 
technique must be used with any spinal puncture 

When OMNIPAQUE is to be injected using plastic disposable syringes, the 
contrast medium should be drawn into the syringe and used immediately. 

If nondisposable equipment is used, scrupulous care should be taken to 


OMNIPAQUE® (iohexol) 


prevent residual contamination with traces of cleansing agents. 
Parenteral products should be inspected visually for particulate matter and 


discoloration prior to administration. If particulate matter or discoloration is 
present, do not use. 


Repeat Procedures: If, in the clinical judgment of the physician, sequential or 
repeat subarachnoid examinations are required, a suitable interval of time 
between administrations should be observed to allow for normal clearance of 
the drug from the body. 

Information for Patients: Patients receiving injectable radiopaque diagnostic 

agents should be instructed to: 

1. Inform your physician if you are pregnant. 

2. Inform your physician if you are diabetic or if you have multiple myeloma, 
pheochromocytoma, homozygous sickle cell disease or Known thyroid 
disorder (see WARNINGS). 

3. Inform your physician if you are allergic to any drugs, food, or if you had any 
reactions to previous injections of dyes used for x-ray procedures. 

4. Inform your physician about any other medications you are currently taking, 
including nonprescription drugs, before you are administered this drug. 

Drug/Laboratory Test Interaction: |f iodine containing isotopes are to be 

administered for the diagnosis of thyroid disease, the iodine-binding capacity of 

thyroid tissue may be reduced for up to two weeks after contrast medium 
administration. Thyroid function tests which do not depend on iodine estimation, 
eg, T, resin uptake or direct thyroxin assays, are not affected. 

Drug Interactions: Drugs which lower the seizure threshold—especially phe- 

nothiazine derivatives including those used for their antihistaminic or antinause- 

ant properties—should not be used with OMNIPAQUE. Others include mono- 
amine oxidase (MAO) inhibitors, tricyclic antidepressants, CNS stimulants, 

and psychoactive drugs described as analeptics, major tranquilizers, or anti- 

psychotic drugs. Such medications should be discontinued at least 48 hours 

before myelography, should not be used for the control of nausea or vomiting 
during or after myelography, and should not be resumed for at least 24 hours 
postprocedure. In nonelective procedures in patients on these drugs, consider 
prophylactic use of anticonvulsants. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: No long-term animal 

studies have been performed to evaluate the potential of iohexo! in these areas. 

this Seah Category B: Reproduction studies have been performed in rats and 
rabbits with up to 100 times the recommended human dose. No evidence has 
been established of impaired fertility or harm to the fetus due to OMNIPAQUE, 
there are, however, no studies in pregnant women, Because animal reproduction 
studies are not always predictive of human response, this drug should be used 
during pregnancy only if clearly indicated 

Nursing Mothers: Caution should be exercised when OMNIPAQUE is admin- 

istered to anursing woman, it is not known to what extent iohexol is excreted in 

human milk. 

Pediatric Use: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS: 
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References should be offered to document major assertions of fact 
and any opposing evidence and concepts. Discretion in number is 
requested. References should be cited in the text by number (e.g., 
(3, 4]). The reference list should be arranged in the numeric order 
that references are cited in the text and typed double-spaced 
throughout. References cited first or only in tables or figure legends 
should be numbered by the sequence in which the table or figure is 
first identified in the text. Data for each reference should be arranged 
according to the style adopted by the U.S. National Library of Medi- 
cine and used in Index Medicus. Accuracy of reference data is the 
responsibility of the author. Provide all authors’ (or editors’) names 
when fewer than seven; when seven or more, list the first three and 
add et al. Provide inclusive page numbers; if an article is only one 
page, please indicate. Abbreviations for titles of medical periodicals 
should conform to those published in Index Medicus. Articles that 
appear in both AJR and AJNR should be a single reference that cites 
both journats (example 3). Examples: 

1. Kirks DR, Fram EK, Vock P, Effmann EL. Tracheal compres- 
sion by mediastinal masses in children: CT evaluation. AJR 
1983;141:647-651 

2. Khansur T, Yam LT, Tavassoli M. Serum monitors of bone metas- 
tasis. In Stoll BA, Parbhoo S, eds. Bone metastases: monitoring 
and treatment. New York: Raven, 1983:165-180 

3. Sage MR. Review. Kinetics of water-soluble contrast media in 
the central nervous system. AJNR 1983;4:897-906, AJR 1983; 
141:815-824 

Unpublished data and personal communications should not be num- 

bered references but should be put in parentheses in the text (e.g., 

Smith JD, personal communication). 


Tables 


Tables should be concise and organized to show trends, not merely 
compilations of raw data. (Tne Editor may request that tables of 
backup data too extensive to be published be deposited with the 
National Auxiliary Publications Service or made available by the 
author.) Include only data pertinent to the subject. Long itemized 
case histories are better presented in the text as case reports or 
summaries. Do not repeat in tabular form material presented in the 
text. Tables should have titles and headings, but no vertical or 
horizontal rules. 


Illustrations 


Figures should be submitted as 13 x 18 cm (5 x 7 inch) glossy, 
black-and-white prints, untrimmed and unmounted. Labels and ar- 
rows must be of professional quality and removable. Number each 
figure to correspond with the figure legends and indicate the top. 
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Avoid writing directly on the back of the print. Special permission for 
publication of facial photographs of patients or for previously pub- 
lished pictures is required. Line illustrations or graphs must be profes- 
sionally drawn in black ink on white background; please send pho- 
tographic prints (not photocopies), not originals, to avoid damage in 
handling. Color illustrations will be used at the discretion of the Editor; 
send color prints. Firm estimates of cost will be sent to the author(s) 
for approval before publication. Identical anatomic structures in color 
prints should be the same size to facilitate reproduction and recuce 
cost. 


Legends 


Figure legends should carry a title identifying the message of the 
illustration and the case number if individual cases are described in 
the text. Legends should be as brief as possible for the informed 
reader to understand the figure. Detailed clinical data should be 
avoided. Legends for previously published illustrations shouid cite 
the reference number of the source (e.g., Reprinted from [8)). 


Organization of Case Reports 


Concise case reports will be considered for publication if they 
present unusual experiences that are medically important and imstruc- 
tive. Clarity and brevity are essential. After preliminary screening by 
an editor to determine whether the requirement of medical signifi- 
cance has been met, qualifying papers will undergo the same peer 
review as major papers. To facilitate planning the order and layout of 
each issue, case reports are limited in length to two journal pages. 
The introduction should be one short paragraph that gives some 
general background of the disorder and the specific interest and 
message of the case presented. Only one case should be described 
in detail. The case report should concentrate on the radiologic infor- 
mation and its usefulness. The discussion should focus on the specific 
message of this report and the relevance of radiology in this instance. 
lf the author has encountered other cases, they may be briefly 
mentioned, and possibly illustrated, but not described in detail. There 
should be no more than eight references. The figures should be 
limited to the minimum required to document the case findings, 
probably not more than four pictures, each a column wide (or the 
equivalent). Excess illustrations would require severely shortening 
the text. Figure legends should be as short as possible and should 
not repeat the text. There can be no tables and no acknowledgments. 
See previous sections for detailed instructions regarding references 
and illustrations. 


Other Contributions 
Technical Notes 


Brief descriptions of new techniques or significant modifications of 
older ones that are directly applicable to the clinical practice will be 
accepted if review is favorable. Technical notes do not carry abstracts 
or acknowledgments. 


Letters to the Editor 


Letters are subject to editing and condensation. Criticism of pub- 
lished articles should be objective and constructive. Letters also may 
discuss matters of general interest to radiologists. 
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CT 9000 from GE... 
an uncomplicated system that's 


the best in its class 


When you're buying a CT system 
to handle routine procedures, the 
last thing you want is unnecessary 


complexity. Complexity can compro- 


mise the economy you're looking 
for in such a system... it can raise 
your overhead, increase downtime, 
and slow down throughput. 


That’s why the CT 9000 from 
General Electric has become the 
best-selling system in its class: 

it's remarkably uncomplicated. 
Simple installation: The entire 
computer system is housed in the 
operator's console. That means you 





don't need a separate computer 
room with special air conditioning 





GENERAL @@ ELECTRIC 


requirements. And the CT 9000 fits 
into aroom as small as 20 x 20 feet 
...in most cases, it can be installed 
without renovation. 


Uncomplicated operation: The 
CT 9000 incorporates advanced 
micro-electronic technology to 
streamline operation and enhance 





operator efficiency. Operation is so 
easy that training can be completed 
in as little as one day. Routine 
protocols can be initiated with the 
touch of a button. And the unique 
AutoVoice synthesizer automatically 
relays proper breathing instructions 
to the patient, letting the operator 
concentrate on the procedure 

at hand. Because the CT 9000 
system is so easy to use, most 
procedures can be completed 
faster...enhancing patient 
throughput even further. 


Uncommonly reliable: The 

CT 9000's modular electronics not 
only give you scan versatility, they 
also set a new standard in system 
reliability. You get consistently 
excellent performance, day after 
day, with minimum downtime and 
maximum throughput. 


Financing made easy: GE offers a 
complete range of financing and 
lease plans that can be tailored to 
fit your budget and cash flow 
requirements. Our Super Saver lease 
plan, for example, offers a fixed 
lease rate as low as 4.8%* with no 
payments for the first 90 days of 
operation . . . that means your 

CT 9000 system will begin earning 
income for your facility immediately. 
More information? Contact your 
General Electric sales representa- 
tive, or call us and find out how 
the CT 9000 system can fit into 
your healthcare delivery plans. 


800-433-5566 Ext. 5303 


*Rate in effect for a limited time only. Some restrictions 
apply. Contact your GE sales representative for details. 
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In the beginning... 
The original MAMEX DC 


MAMMOGRAPHIC 
SYSTEM 








The Mamex DC is a complete mammographic 
system, consisting of a modern, efficient DC 
generator which virtually eliminates “ripple” and 
gives a higher resolution image with consistently 
higher subject contrast; a molybdenum anode 
a x-ray tube; and a motorized compression system 
w with floor remote control. 





Standard features: 

* Compact DC generator with automatic 
exposure control. 
Exposures can be made once every 30 seconds. 

* Stand designed for x-ray examination of the 
breast. 

* Hardened glass screen protects technician 
during exposure. 

* Floor remote compression control. 

* Phototiming detector position selector. 

* Field light. 

* Breast compression plate: 

Biopsy compression plate; 

Spot cone compression plate. 

18x24cm Kodak Min-R cassette with screen. 

Film identification markers. 

Automatic line voltage compensation. 

.6x.6 stationary anode molybdenum x-ray tube 

with beryllium window. 





+ + + + 


c3 Options: 
* 200L 3.5:1 grid. 
* Carbon fiber cassette tunnel with grid pocket. 
* In-hospital wheel assembly (shown). 
* Van wheel assembly. 


Mamex DC ... 


* Five-year proven track record of performance 
and reliability; 

* Hundreds of satisfied physicians, clinics, and 
hospitals throughout the United States and 
internationally; 

* Full 12-month non-prorated warranty on the 
x-ray tube; 

* Average midbreast dosages, on a 2-film exam of 
a 6cm compressed breast, of .07R or less (as 
documented by the University of Michigan 
Breast Cancer Detection Center - Ingvar 
Andersson, M.D.) 


e i . - . Offers your facility the very best in diagnostic 
Original MAMEX DC equipment available in today’s marketplace. 
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The Case 
“For Quality. 


Patient: 56-year-old male. 


Diagnosis: Distal ureteral obstruction secondary t 
recurrent adenocarcinoma, carcinoma 
the colon, and anuria. 


Considerations: Since distal ureteral obstruction canno 
be bypassed with an internal ureteral 
stent, external drainage is indicated. 


Indicated Percutaneous nephrostomy for 
Treatment: immediate relief of hydronephrosis. 


Requirements: Catheter chosen should be self-retaini 
and soft for optimal patient comfort. 


Drainage Medi-tech 1OF VTC™ locking loop 

Catheter catheter made of Percuflex’, an exclu: 

Selected: biocompatible material distinguished | 
its softness, stability and resistance to 
clogging. Selected from a wide range 
drainage catheter products, all combi 
advanced technology with strict clinic 
standards of quality and reliability. 


Medi-tech, Incorporated 
480 Pleasant Street 
P.O. Box 7407 
Watertown, Massachusetts 02272 
(617) 923-1720 Telex 922-453 


Ordering Information (800) 225-3238 


© 1986 Medi-tech. Inc. 





For all 


your 
K-ray 


therapy 
require- 
ments 





The New, IMPROVED Bucky 


“= 


Combination Therapy Machine 


¢Full-wave rectification °Excellent duty cycle 


e Higher KV rating e Solid state circuitry 
e Higher MA rating e Computer readout 
e Greater output timing circuit 


Now, Bucky X-Ray International has designed a therapy 
apparatus especially for the Radiologist who specializes in 
Therapy. This unit operates from 3 KV (.01 mm al half value 
layer), up to a depth dosage equivalent to 165 KV (6.0 mmal 
half value layer). This unit, known as our Combination Therapy 
Machine, can therefore be employed to produce the following 
therapy modalities: 


GRENZ RAY THERAPY 

CONTACT THERAPY 

SUPERFICIAL THERAPY 

(with beryllium window tube) 

INTERMEDIARY X-RAY THERAPY 
TELE-ROENTGEN THERAPY (whole body radiation) 
INTER-OPERATIVE THERAPY 

RECTAL THERAPY 


INTER-OPERATIVE RADIATION PROCEDURE 


This unit, now due to its great output, is also ideal for this 
application. In order not to be forced to dedicate the unit for 
the operating room alone, we also make this unit now mobile, 
So it can be used either in the operating room or in your 
therapy room. 


8 
IANT). 






SINCE 1908 


RPA 


BODY CAVITY THERAPY: 

Due to the very great maximum Output of this ur it (1.2 million r 
units per minute at 10 cm target-skin distanc2), this unit is 
ideal for cavity therapy. 


FOOLPROOF: 


The foolproof control makes it virtually impossble to apply 
tne wrong modality of radiation through an error 


TELE-ROENTGEN ‘‘WHOLE BODY RADIATION’? 
Due to the great output of this unit it can now be operated at a 
cistance of 9 feet target skin distance to proect the whole 
body field with a practical output. 


SPACE SAVING 

Due to the fact that this equipment takes orly th= space of one 
single therapy unit instead of 5 separate units. the unit takes 
up very little space. 


COST 


The Combination Therapy Unit which represents 7 therapy 
modalities only costs the equivalent of one modality. 


RECTAL THERAPY 
A special speculum will be available for rectal th 2rapy, with the 
unusual feature that the lesion to be treated will be visable 
during the treatment time. 


Bucky X-Ray International has been in the X-Ray 
business since 1908. Where else in this fielc can you find 
such economy, safety effectiveness and easeof operation? 


For complete information, please write, call or Telex for our fully illustrated brochure 
and list of PROMINENT USERS throughout the world. 


Factory controlled Sales and Service in All Major Cities and Countries 


BUCKY X-RAY INTERNATIONAL, INC. 


30 East 81st Street, New York, N.Y. 10028 @ (212) 734-5050 © Telex 237394 BUCKY UR 
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Focal high rile osis of the right 
common iliac artery. 


ions: Tortuous iliac circulation and scarred 
sentry site at groin. — 
= Percutaneous transluminal 
angioplasty. 
Catheter must enter vessel easily, track 
effec tively | to lesion, and traverse lesion 
ically. . Balloon must sustain high 

pressure without distorting, deflate rapid] 
and resume low profile for easy with- 
drawal at puncture site. 


Dilatation Medi-tech 8mm x 3cm balloon dilatation 

Catheter catheter. Chosen from over 100 Medi-tec 

Selected: dilatation catheters, all combining 
advanced technology with strict clinical 
standards of quality and reliability. 


Medi-tech, Incorporated 
480 Pleasant Street 
P.O. Box 7407 
Watertown, Massachusetts 02272 
(617) 923-1720 Telex 922-453 


Ordering Information (800) 225-3238 








There are reasons 


SS. XRAY ACCESSORIES 


are preferred... 
PROVEN inches." % Say Departments 
UNEQUALLED in design, construction and—quality 
REPUTATION snsestessicetueoury 







è Motorized Viewers 

è |lluminators 

e Transfer Cabinets 
File Cabinets 

è Protective Panels 

e Protective Aprons 

e Wall Cassette Holders 

e Dryers 

è Safelights 

e Dark Room Cabinets 

è Storage Chests 

e Loading Bins 

è X-Ray Ascessories 


















For more than 30 years, S. & S. has been meeting 
, Radiologists needs with a complete line of 
o illuminators and accessories. 

—_ — Contact S. & S. or your local x--ay dealer for 
= y additional information. 











MANUFACTURED BY 
S. & S. X-RAY PRODUCTS INC. 


The Complete Line of 
X-Ray Accessories 
(800)221-6634 


Telephone: (212) 852-6900 
87-93 JAY STREET, BROOKLYN, N.Y. 11201 
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Toshibas 
TCT-600 Series 


Toshiba's TCT-600 Series Whole 
Body CT Scanners are just what 
you would expect from a world 
leader in diagnostic imaging: fast, 
flexible, and expandable. And 
that’s just what you should ask for. 
But Toshibas TCT-600 Series give 
you even more: 


< 


1. Image quality and performance 
second to none. 

2. Reliability, flexibility, and easy 
“one-touch command” opera- 
tions for high throughput. 

3. System expandability for wide- 
ning applications. 
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Ask for more. Ask for the image 
quality and level of performance 
you get with Toshiba. Time after 
time after time. 


For more information about the 
TCT600 Series Whole Body Scanners, 
call or write: Toshiba Medical Systems, 
2441 Michelle Drive, Tustin, CA 92680. 
In California, call (714) 669-5419. Out- 
side California, call toll-free (800) 
421-1968. In Canada, call (416) 298-6100. 





SCS-500 





In Touch with Tomorrow 


o- BM TOSHIBA 
GLOBAL IMAGING SPECIALISTS 
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Doppler and imaging of ICA lesion demonstrating 50 to 79% stenosis. 
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Dual Mode imaging of neonatal abdomen with ascites. 
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COMPUTED SONOGRAPHY 
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BEST IMAGING INVESTMENT 
= Unparalleled image quality. 


a Recognized leadership through 
unique technology. 


= Acuson is the-only major radiology 
ultrasound company not to 
obsolete its product in the last 
three years. 


= Today's enhanced performance 
—image quality improvements, 
simultaneous Doppler for linear 
and sector, and more—'s installed 
even on the first system shipped. 


a More advances in Computed 


Sonography are under develop- 
ment now. 





UNSURPASSED PRODUCTIVITY 
= Earlier diagnostic capability. 





= Fewer referrals to other modalities. 


=» Fewer exams per patient. 
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99.9% up-time delivered! 


75 
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= New and exciting applications. 


= Increased marketability of your 
diagnostic services. 


= Increased diagnostic confidence. 


PROVEN PERFORMANCE 


=» Guaranteed 99% up-time— 
99.9% delivered. 
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F A C T S 


= Over 500 installations in the 
USA alone. 


a 30% of our customers are in 
private practice or in hospitals 
under 200 beds. 


= In 1985, our installed base 
increased 34% due to repeat sales 
alone. 


= Computed Sonography is the 
acknowledged performance Gold 
Standard in ultrasound. 


IF YOU'RE IN THE IMAGING 
BUSINESS, YOU CAN'T 
AFFORD TO BE WITHOUT 
COMPUTED SONOGRAPHY. 


= Call 1-800-4-ACUSON. Or in 
California call 1-800-5-ACUSON. 
We'll make a believer out of you! 











il | 
pili 
|] i} 
111112] 
pitts 








SIEMENS 


v) 
‘= 
a 
7 
D» 
Y D 
or & 

T 
2D 
35 
rie 
LU o 
"ow 
{+ 
a 





It's a fact that superconducting magnets give you 
Superior image quality and less risk of obsolescence. 
But site selection can be a problem. Too often, space 
limitations lead to expensive room magnetic shielding. 
Or worse, compromising your MR system choice. 


But you can have both the quality of a MAGNETOM 
system and an economical site layout. That’s where 
Self Shielding comes in. Tucked neatly under the 
MAGNETOM's covers, it shrinks the fringe field in all 
directions. 


More than better images. 
A better fit. 


Installation space is cut 

How much space can you save? Consider this: the 0.5 

ml pacemaker exclusion 
line of a 1 T system nor- 
mally subtends 3100 ft?. 
With Self Shielding, that 
space is only 1100 ft?— 
about one-third the origi- 
nal area. In fact,a Self 
Shielded 2 T MAGNETOM* 
The diagram above shows the 0.5 mT actually takes no bach 

line for (clockwise from upper left) a 0.5 Space than an unshielded 


T, 1.0 T, 1.5 T, and 2.0 T MAGNETOM. 0.5 T system. 
The 0.5 mT is shown for the unshielded — 
(red), Type 1 Self Shielded (green) and No sacrifice 


Type 1 Self Shielded (Blue). in image quality 
With its symmetrical design, Self Shielding does not 
harm the homogeneity of the imaging volume. In fact, 
homogeneity is often better than unshielded magnets 
in typical sites because asymmetrical structural steel 
has less interaction with the magnetic field. 


No unexpected surprises 
Because Self Shielding is 
fitted to the MAGNETOM 
and not to the room, no 
extra time-consuming site 
planning is required. Your 
building costs are un- 

Self Shielding's symmetry means no affected and your installa- 
sacrifice in magnet homogeneity. tion stays on schedule. 


No intimidating structures 

Self Shielding fits inside the MAGNETOM housing, so 
it’s invisible to staff and patients. That means no exotic 
architecture is needed. And patient preparation and 
comfort—key to high throughput—are not affected. 

















Siemens Medical In Canada: 

Systems, Inc. Siemens Electric Ltd. 

186 Wood Avenue South 1180 Courtney Park Drive 
Iselin, NJ 08830 Mississauga, Ontario LST 1P2 


*The Siemens MAGNETOM has received FDA premarket approval for 
certain configurations and applications, including Self Shielding. 
Configurations and applications that are currently not approved are only 
available for investigational use in the US. 


Siemens... 
technology with integrity. aks a aa 





American Roentgen Ray Society: 
Officers, Committees, and Meeting Information 


Officers | 


President: Jerome F. Wiot 

President- elect: Raymond A. Gagliardi 
1st Vice-president: Lee F. Rogers 

2nd Vice-president: Gerald D. Dodd 
Secretary: Glen W. Hartman 
Treasurer: Ronald G. Evens 


Executive Council: E. Gedgaudas, J. F. Wiot, L. F. Rogers, 
R. A. Gagliardi, R. G. Evens, R. N. Berk, F. L. Angell, J. E. 
Madewell, M. P. Capp, G. W. Hartman, B. G. Brogdon, G. A. 
Kling, H. C. Carlson, A. K. Poznanski, A. E. James, Jr., J. A. 
„Kirkpatrick, Jr., G. F. Loopold, G. D. Dodd, J. T. Ferrucci, Jr., 
R. H. Troupin, chairman 


Committees 1986-1987 


Editorial Policy: S. S. Sagəl, W. J. Casarella, J. T. Ferruccl, Jr., 


N. C. Whitlgy, S. Hilton, A. J. Davidson, J. M. Taveras, R. N. Berk, | 


M. P. Capp, chairman 


Education and Research: C. E. Putman, A. R. Margulis, J. R. 
Thombury, R. A. McLeod, J. T. Ferrucci, Jr., ex officio, B. G. Brogdon, 
chairman 


Finance and Budget: B. P. Wood, L. R. James, J. A. Kirkpatrick, Jr., 
A. E. James, F. L. Angell, chairman _ 


instruction Courses: R. A. McLeod, associate chairman, J. T. Fer- 
rucci, Jr., chalman , 


Program: J. Wiot, G. W. Hartman, J. A. Kirkpatrick, Jr., R. H. Troupin, 
M. P. Capp, J. E. Madewel, B. G. Brogdon, J. T. Ferrucci, Jr., G. A. 
Kling, G. G. Ghahremani, M. Viamonte, R. A. Gagiiard!, chairman 


Publications: W. J. Casarella, J. T. Ferrucci, Jr., S. S. Sagel, N. C. 
ney M: F. CAPP, einen 


Scientific Exhibits: S. G. Kirchner, A. V. Proto, S. M. Goldman, J. E. 
Madeweill, chakman 


Nominating: W. J. Casareila, H. C. Carison, A. E. James, chairman. 





Representatives to Other 
Organizations 


American Board of Radiology: E. C. Klatte, R. W. McConnell, L F. 
Rogers 


American College of Radiology: J. mei or ae N, 
Hartman, J. M. Dennis, E. J. Ferris, J. E. Madewell 


American Medical Association House of Delegates: S. F. Ochsner, 
K. C. Krabbenhoft, alternate 


American National Standards institute: M. Haskin 


National Council on Radiation Protection and Measurements: 
E. L. Saenger, H. L. Friedel 


Meetings, Membership, Business 
information 


Annual Meetings: April 26-May 1, 1987, Fontainebleau- ` 
Hiton, Miami Beach; May 1-6, 1988, Westin Bonaventure, 
Los Angeles; May 7-13, 1989, Hilton, New Orleans. 


‘Director Annual Meeting: George A. Kling, Harper Hospital, 


Detroit, MI. 48201 


ARRS Membership: Rosalind H. Troupin, Dept. of Radiology, Hospital 
of University of Pennsylvania, 3400 Spruce St, Philadelphia, PA 
19104. The ARRS has two membership categories: ‘active and imn- 
training. For active membership, applicants must practice radiology 
in the U.S. or Canada. Each must have graduated in good standing 
from an approved medical schoo! or hold an advanced degree in a 
physical, chemical, or biological science and be certified by the 
American Board of Radiology, the Royal College of Physicians and 
Surgeons of Canada, or otherwise adequately document training and 
credentials. A member-rtraining must be in a radiology residency, a 
postresidency fellowship program, or a postgraduate student In an 
aled science. Status must be verified by the program director. For 
consideration during the 1987 ARRS meeting, compteted applications 
must be received by Dr. Troupin no later than Feb. 1, 1987. - 


Business Office: Paul Fullagar, executive director, George J. O’Hop, 
controller, American Roentgen. Ray Society, 1891 Preston White Dr., 
Reston, VA 22091. 


The perfect profile for narrow navigation. 


The New Schwarten’ 
LP Catheter 






How narrow can you get? As narrow as 
the new Schwarten™LP Balloon Dilatation 
Catheter from ACS. The new Schwarten 
Low Profile Catheter gives you smooth, 
simple and confident performance in 
fragile tibial, peroneal and renal 
vasculature. 


Experience easy entry and passage in 
some of the tightest situations a patient’s 
peripheral circulation can present. In 
addition, flexible but firm coaxial design 
can provide you with excellent tracking 
over a guide wire to get where you want 
to be during positioning. Radiopaque 
balloon and tip markers allow for vivid 
visualization and more exact balloon 
placement. 


For additional information on the new 
Schwarten LP Balloon Dilatation Catheter, 
Call toll-free: 800 227-9902. 


Advanced Cardiovascular 
1395 Charleston Road 
Mountain View, CA 94039 


415 965-7360 
Where Innovation continues. Toll free: 800 227-9902 


ACS is a wholly owned subsidiary TWX (Telex II) 23-289-720 $, yoe Z 
Liley | of Eli Lilly and Company. SM 
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Cut patient xray doses in half. 


Erbium x-ray filters reduce patient dosage up 
to 50% without loss of radiographic quality. 


_1mm Alt minum Filter 
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Operator doses are also significantly reduced. CON ; 
Erbium transmits only x rays that contribute to ca eae aaa i 
the radiographic image while absorbing the dose- 3 
producing photons at the low and high energy ai 7° 
ends of the spectrum. = SEE ae 

w 1.5 Misi —Erbium 
Erbium filters have demonstrated significant dose z jiga 
reduction for a variety of techniques including: a 1.0 

œ 
@ Skull and abdominal ) 05 


examination 





@ Cerebral angiography 0 10 E 30 40 50 &@ 70 80 


ENERGY IN KeV 


WE Intravenous 
X-ray Spectra for 70 kvp 


urography | | i PERENA 
Er filters are available to fit most x-ray machine configurations. 


@ Pediatric fluoroscopy 
REACTOR EXPERIMENTS, INC. 


963 Terminal Way, San Carlos, CA 94070-3278 
415/592-3255 e TELEX: 345505 “Reactex SCLS) 





Œ Ciné-radiography 





Two step film control 


Minimize X-ray exposure. Optimize image quality. Stabilize film 
processor performance, film speed and contrast. Quickly. Easily. 


The Tobias 
Model TBX Digital 
@ Densitometer 


The Tobias Model RF 
Wejex Sensitometer 








lL. 











Produces a precise 11-step wedge exposure 
on your X-ray film. Exposure made just 
before processing eliminates latent image 
fade problem.* Features: Precise shutter 
exposure control. Variable lamp intensity. 
Provisions for 2”x 2” ANSI blue, green or 
other filters, double sided exposures, 8”x 10” 
and 35mm test film alignment. And more. 
“Lawrence, D.J.: A Simple Method of Processor Control, 


Med. Rad. and Photog. 49, 26, 28, 1973 (Reprints available 
on request) 


Wejex Universal 
Model RF 

Also available. 
Wejex Standard 
Model R 





For a demonstration, call your Tobias dealer. 
Or write for our brochure. Ask about our 30 day free trial 


Measures optical transmission 
density of the Wejex-exposed step 
wedge over a density range of 0 
to 4.50. Accuracy +0.02. 
Repeatability + 0.01. State-of-the- 
art electronics. Lighted digital 
display. 5 second warm up. Easily 
portable. Virtually no zero drift. 





Pe — ee ee ee ee ee ee ee a 
ya\ TOBIAS ASSOCIATES, INC. 
50 Industrial Drive, P.O. Box 2699, Ivyland, PA 18974, (215) 322-1500 


i Send literature on the Wejex Sensito- Neme = 


meter and ~ BX Densitometer. Tit e/Organization 


Please send me a copy of D.J. 
Lawrence's “A Simple Method of 
Processor Control.” 


Address _ == 
City _ = State 
‘2 | EE _ Tel. 


Tell me more about your 30 day free 
trial policy. 


SS es es es es es 
A24 


PORTABLE 


TELERADIOLOGY 


Colorado Video’s Model 290R 
Teleradiology receiver makes 
an excellent companion for 
on-the-go imaging 
specialists. It is designed to 
receive diagnostic-quality still 
video images of X-rays, CT, 
nuclear and ultrasound 
scans for prompt, preliminary 
diagnoses. This lightweight 
instrument is contained in an 
attractive leather attache 
Case. 


With portable, easy-to-use 
Teleradiology equipment, on- 
call imaging specialists can 





respond rapidly to requests 
from a hospital or medical 
center, regardless of their 
location. Multiple institutions 
are easily serviced on a time- 
sharing basis, and the 
receiving unit may be shared 
by a group of radiologists 
with on-call responsibilities. 


Colorado Video Teleradiology 
systems use ordinary “dial- 
up” telephone lines for image 
transmission, and may be 
used nearly anywhere, even 
overseas. Initial hardware 
costs are low, and opera- 


COLORADO VIDEO INC. 





Box 928 Boulder, Colorado 80306 USA 
(303)444-3972:-TWX 910-940-3248 (COLO VIDEO BDR) 





tional costs are usually only 
those of a telephone call. 


For further information about 
portable Teleradiology equip- 
ment and other types of 
Colorado Video f 

medical 
systems, 
please 
call or 
write. 
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Senographe in 197 
and I’m still proud 
of those pictures” 


Norman Sadowsky, M.D., Directo 
The Faulkner-Sa goff Centre 

for Breast Health Care 

Boston, MA 





“it was the first dedicated unit ever and its 
uniformly high-quality images set the 
standard for mammography technique. 

We used that machine exclusively for 
ten years. Except for planned downtime, 
there were no interruptions. 

Today, there are a lot of machines on the 
market. But none can match the 
Senographe 500T — for low-dose, high- 
resolution image quality, ease of use, or 
patient throughput. 

Fifteen years of experience tells me 
that THOMSON-CGR is committed to 
making the best, most reliable dedicated 
mammography equipment I can buy.” 


For more information call or write 
THOMSON-CGR, 10150 Old Columbia Road, 
Columbia, Md. 21046. (301) 964-6600. 
We’re THOMSON-CGR. We want you to know. 
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The Journal of MEDICAL PRACTICE MANAGEMENT 
Editor: Marcel Frenkel, MD, MBA 


A new journal gives you the management 
skills you need to pull ahead 


Right now you need information on some 
important topics that weren't covered in medical 
school. Topics that are having a profound impact 
on private practice and hospital-based physicians 
across the country. 

Like competition from HMOs. Industrialization of 
medicine. The sheer number of physicians compet- 
ing for your patients. Increasing costs. 

You know the issues. What you need to know is 
the best way to face them so your practice will 
flourish in years to come. 

And that’s where The Journal of Medical Practice 
Management comes in. 


Keep up with the issues that are changing 
your way of practice forever 


The Journal of Medical Practice Management 
is a new quarterly publication that covers your 
concerns...issues affecting the way you practice 
now — and the way you'll practice in the future. 

Four times a year, an expert editorial board 
headed by Dr. Marcel Frenkel brings you concise, 
readable coverage of today’s issues and tomorrow’s 
trends. 

You'll find departments covering ® office proce- 
dures and management è malpractice e marketing 
e manpower ® computers ® taxation ® legal and 
legislative affairs ¢ and health policy. 

You'll also find pertinent features like the 
Washington Report, telling you what's up in the 
nation’s capital and how it affects you...a Letter 
from Abroad, offering perspectives on how physi- 
cians are handling health care issues in other 
countries...and profiles of profit and not-for-profit 
health care delivery systems. 


A multidisciplinary editorial board 


Members of the editorial board for The Journal 
of Medical Practice Management have been care- 
fully chosen for their knowledge of the manage- 
ment aspects of practicing medicine. These 
experts, many with experience in more than one 
field, give you the perspectives you need from 
medicine, law, management, government, and 
education. 
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You can control the future of your practice 

The issues you can’t afford to ignore are in The 
Journal of Medical Practice Management. It's a lot 
of information for a little money. And that’s good 
business for you. 


Reserve your charter subscription today! 

Just return the attached coupon, or call our 
FREE number, 800-638-6423. from anywhere in the 
US except Alaska and Hawaii. In Maryland, call 
928-4105 collect. Quarterly 


Williams & Wilkins 


428 East Preston Street 
Baltimore, Maryland 21202 


266 Fulham Road 
London SW109EL England 


YES, | want to control the 
future of my practice! 


Please enter my subscription to The Journal of 
Medical Practice Management (quarterly) 

O Individuals and Institutions $40 

All subscribers: add $10 outside the U.S. 


O Check enclosed O Bill me 
O MasterCard O American Express O VISA 





Card # Exp. date 





Signature i 





Name 





Address 





City State/Zip 
Maryland residents add 5% sales tax. Subscriptions 


outside the US must be prepaid. All subscriptions must be 
paid in US dollars. Rates valid through April 30, 1987. 


Please allow 8 weeks for delivery of your first issue, up to 
16 weeks for surface delivery outside the US. Airmail rates 
available on request. 


Williams & Wilkins 


P.O. Box 1496 
Baltimore, Maryland 21203 


266 Fulham Road 
London SW10 9EL England 
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ELEMA-SCHONANDER 





PUCK" Filmchangers, 4 exp’sec. 


Model UD4...position-independent, 
for multi-directional examination units. 


Model U4 for a.p. and lateral projections. 


Long useful life 


is built into every Elema-Schonander 
angiographic filmchanger system. 


The two PUCK filmchanger systems also today’s generation of AOT Elema-Schonander, Inc. 
shown below—still in frequent use— and PUCK filmchangers. 2360 North Palmer Drive 
are but two of many examples of O The long useful life and dependa- specs tice 
Elema-Schonander filmchanger sys- bility of Elema-Schonander e OPS lg 
tems, working dependably day after filmchanger systems translates j 
day, year after year, for ten...fifteen directly into lower cost per exami- 
years ar more. nation. Together with excellent 
O The same quality of engineering, image quality, these and other 

material, workmanship and solid Elema-Schonander advantages 

construction demonstrated in have been proven again and 

these two examples, characterizes again over the years. 


elema-schonander 


MG/58 


Examples of Elema-Schonander filmchanger systems in frequent use for many years. 


The Sabbatsberg Hospital, Stockholm, Sweden Kaiser Foundation Hospital, Los Angeles, California 
PUCK U-35 system in service since 1970. PUCK U-35 system in service since 1971. 
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EMERGENCY RADIOLOGY OF THE 


AcuTELy ILL OR ÎNJURED CHILD 
Second Edition 


By Leonard E. Swischuk, MD 

“Only Len Swischuk could produce a book quite like 
this.... The reproductions, particularly of soft tissues, 
are superb....A true teacher, [Swischuk] stresses the 
basic facts, the simple, the obvious, the variations, and 
the pitfalls.... This book should be in the library of even 
the smallest radiology department.” — J Can Assoc 
Radiol (of the First Edition) 


1986/622 pages /685 illustrations/*8049-0/S75.00 


COMPUTED TOMOGRAPHY AND 
Macnetic RESONANCE IMAGING 


OF THE HEAD AND NEcK 
Second Edition 


By Anthony A. Mancuso, MD and William 
N. Hanafee, MD 
with a special contribution from John A. Kirchner, MD 


The leading guide to head and neck imaging now 
includes the first comprehensive discussion of otolar- 
yngologic MRI, an extensively revised chapter on tempo- 
ral bone, extraordinary images generated by state-of- 
the-art equipment, and more. 


1985/504 pages /155 illustrations/#5476-7/S84.75 


Lymphography, Computed Tomography 
and Scintigraphy 
Second Edition 
Edited by Melvin E. Clouse, MD and Sidney 
Wallace, MD 

For assistance in selecting, performing and inter- 
preting lymphatic images using state-of-the-art equip- 
ment and techniques, turn to the new Second Edition 


of the only book-length exploration of lymphatic 
evaluation. 


1985/526 pages /352 illustrations/*1651-2/$87.50 





COMPUTED TOMOGRAPHY IN THE 


EVALUATION OF TRAUMA 
Second Edition 


Edited by Michael P. Federle, MD and Michael 
Brant-Zawadzki, MD 

In this new edition you'll find a thoreugh and up-to- 
date discussion of the clinical indications for CT 
scanning in different types of trauma to virtually all 
areas of the body, keys to techniques of scanning and to 
accurate interpretation, and comparisons of CT to other 
radiographic procedures and laboratory tests. 


1986 /about 300 pages /about 370 illustrations / 
#3102-3/about $58.95 


CLINICAL ARTHROGRAPHY 

Second Edition 

By Rolf-D. Arndt, MD, John W. Horns, MD, and 
Richard H. Gold, MD 


with a special contribution by Donald D. Blaschke, 
DDS 


Including inflammatory diseases and other joint 
abnormalities, the Second Edition retains the emphasis 
on orthopedic disorders as it expands the basic princi- 
ples of arthrography and adds new, recently published 
concepts, such as double-contrast CT arthrography. 


1985/282 pages/147 illustrations/*0256-2/S62.50 
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Williams & Wilkins 


428 E. Preston Street Baltimore, MD 21202 


— YES! Please rush my copy of 








If not completely satisfied, I may return the books with- 
in 30 days at no further obligation. (US & Canada only) 


PAYMENT OPTIONS 

(Enclose payment or charge your order and Williams & Wilkins will pay all postage 
and handling costs.) 

O Check enclosed O Bill me 

O VISA O MasterCard O American Express 


card*| || |[ ][ || 





OOUHUOOUOOCOOCO e. 00-00 





signature/p.o. * 


For fastest service...call 1-800-638-0672 toll free anywhere in 
the US except AK and HI; MD residents call 528-4221 collect. 


Full Name 





Address 





CAV a Ma Zip 
SWISAD 95401 


Compare the two images below. Both 
are the same breast tissue specimen. One 
is a film screen image, the other, a 

Xeroradiograph. As 
you can clearly see, 
Xeroradiography 
shows calcifications 
easier. 

Small wonder 
that Xeroradiog- 
raphy is the most 

i === widely used method 
for mammography. 

Its wide recording latitude shows you 











Film screen image of breast tissue specimen. 


the nipple to the chest wall on one image. 
This, together with the clarity provided by 
superior resolution and edge enhancement, 
allows calcifications to be seen anywhere in 
the breast. 

For more infor- 
mation, call or write 
Xerox Medical 
Systems, PO. Box | | 
5786, Pasadena, CA 91107, (818) 356-1221. 

Xeroradiography. It’s easy to see. And 
that’s why radiologists have made it the 
image of choice. 





It's easy to see 





Xeroradiograph of breast tissue specimen. 





Xerox® is a fegistered trademark of XEROX CORPORATION. 
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When physicians refer to clinically superior MI 
they're referring to Signa 


The Signa® system has always 
attracted physicians’ attention. It’s 
also attracting their referrals. 


The reason? Image quality. 
Images of stunning definition and 
detail that provide diagnostic 
accuracy from thin slice to thick, 
from routine to the most demanding 
studies. Also, access to a dynamic 
range of MR applications that only 
the high field Signa system can 
perform ...and to the leading- 
edge MR research and development 
that only General Electric can offer. 


Spine imaging 

MR is rapidly becoming the 
imaging modality of choice for 
spine evaluations,’ and Signa the 
preferred system. Diagnosticians 
count on Signa images to provide 
the edge definition, contrast detail 
and superior signal-to-noise ratio 
needed for accurate cervical, 
thoracic and lumbar studies. This 
confidence is being reflected in the 
bottom line at Signa sites: many of 
Our sites are now receiving spine 





First and second echo images of a 
L5/S1 herniated disc in a 32 year old 
female. Note the visualization of the 
nerve roots (arrows) and the loss of 
signal intensity in the degenerated disc 
on the T2 weighted image. 


cases that used to be referred 
routinely to other institutions— 
ones with low field systems. 


High resolution imaging 
of minute structures 


With the high signal-to-noise ratio 
of the Signa system, fine details of 
anatomy and pathology are revealed 
with exceptional clarity. For example, 
pituitary microadenomas are 
detected routinely in clinical 
settings with the Signa system.’ 
Such thin section, high resolution 
imaging is simply not possible with 
most other MR systems. 





T1 weighted image of a pituitary micro- 
adenoma (arrow) in a 27 year old female. 


Imaging of iron 

One of the breakthrough applica- 
tions of the 1.5T Signa system is 
the ability to image iron distribution. 
This high field advantage enables 
clinicians to detect intracranial 
hematomas, and to determine their 
age and characteristics as well.” It 
also is providing new insights into 
many neurodegenerative disorders, 
including Huntington's, Parkinson's, 
and Alzheimer’s diseases." 


GENERAL Ò ELECTRIC 





T1 weighted image (top) of a 66 year 
old female with elevated blood press 
and a 24-hour-old intracerebral hema 
toma in the basal ganglion. T2 weigh 
image (bottom) of same patient demc 
strates hypointensity caused by deox) 
hemoglobin in intact red blood celis. 


The future, built-in 


The Signa system is your direct 
link to the future of MR. Tomorrow 
protocols and applications are bei 
developed today at leading resear 
sites using Signa technology. 


With Signa you get more than an 
MR system that accommodates tl 
future. You get the system that’s 

determining it. 

To discover how Signa can make 

your site the reference point for \ 
call us. 


800-433-5566. 


T Norman, T.H. Newton. “MRI of the spine and cord: 
present perspective” ASNR 1986. 


“image courtesy of St. Joseph's Hospital, Phoenix, AZ. 


SJM. Gomori, R.I. Grossman, et al. “Intracranial hematc 
imaging by high-field MR.” Radiology 157(2), 87-93, Oct. ` 


4B Drayer, et al. “Magnetic resonance imaging of brain 
iron.” AJNR, May, 1986. 





You learn from your experience with 





CONTEMPORARY DIAGNOSTIC RADIOLOGY 








Editor: Robert E. Campbell, M.D. 




















One of your toughest jobs is keeping up with the 
many new developments that affect radiology. 
That's why you want Contemporary Diagnostic 
Radiology...an effective and 
convenient way to perfect your 
skills and maintain your profes- 
sional status. 


Contemporary Diagnostic Radi- 
ology is designed as a continuing 
education program that lets you 
work at your own pace. Every two 
weeks you'll receive an issue that 
covers a single topic or procedure 
in detail. Read the information and 
study the clearly reproduced radi- 
ographs—and then, if you choose, 
respond to a comprehensive 
examination in the strictest confi- 
dence. You set the pace. 

Each biweekly lesson brings you 
pertinent review of the basics in 
bone radiology ... gastrointestinal 
radiology... pediatric radiology... 
genitourinary radiology... MR 
imaging...and all of the topics 
you want to know more about. 














Contemporary Diagnostic Radiology works fwo 
ways. You may choose to subscribe to the non- 
scoring version, receiving every issue as an impor- 
tant element of your professional 
reading. The scoring version, how- 
ever, supplements your reading 
and computer-coded examina- 
tions with confidential result 
responses, making you eligible for 
Continuing Medical Education 
credits co-sponsored by the Uni- 
versity of Pennsylvania School 

of Medicine. 


“As an organization for continu- 
ing medical education, the Uni- 
versity of Pennsylvania School of 
Medicine designates this contin- 
uing medical education activity 
as meeting the criteria for 1 
credit hour per bi-weekly issue in 
Category I for Educational 
Materials for the Physician's 
Recognition Award of the Ameri- 
can Medical Association pro- 
vided if has been completed 
according fo instructions.” 


You can begin this ongoing program today. Contemporary Diagnostic Radiology is a 
year-round program, so you can join at any time. To begin your lessons, just fill outthe 

enclosed card and return it to us. Or call FREE 1-800-638-6423 (except from Alaska and 
Hawaii). In Maryland call COLLECT 528-4105. You'll find that Contemporary Diagnostic 
Radiology is the most efficient and inexpensive way to keep up with your dynamic field. 


Williams & Wilkins 
P.O. Box 23291 266 Fulham Road 
Baltimore, Maryland 21203 O London SW10 9EL England 
POTEET EE AE cl ig: ih clip & mail Sema E 


CONTEMPORARY DIAGNOSTIC RADIOLOGY 


L] Yes! | want to keep pace in my field! Begin my 
26-issue subscription: 

Send me the scoring version ($220) 

Send me the non-scoring version ($180) 

send me the resident non-scoring version ($160) 
(add $35 for optional air mail delivery outside the U.S.) 


card # expiration date 


signature/P.O. # 


CRIE 


Maryland residents add 5% sales tax. Subscriptions outside the U.S. 
must be prepaid in U.S. dollars only. Rates subject to change with- 
out notice. Please allow 8 weeks for delivery of your first issue, up to 





Q new subscription 16 weeks for surface delivery outside the U.S. Optional airmail rates: 
O renewal add $35 per subscription. 

Residents are eligible for the special in-traiming rate for up to three 
years. When requesting this rate, please include training status and 
name institution. 
address FEV Don't forget: you can order with a FREE phone call 

& 


at 1-800-638-6423 (except from Alaska and Hawaii). 
In Maryland, call collect 528-4105. 


Williams & Wilkins 


city/state/zip 


payment options 
O payment enclosed 
O American Express 


O bill me 
O MasterCard 


P.O. Box 23291 
Baltimore, Maryland 21203 


266 Fulham Road 
O VISA London SW10 9EL England 


printed in USA CDRAD 95191 86 
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Excellent vascular tolerance: low 
incidence of postphlebographic thrombosis." 


ft Significant improvement in comfort reduces patient motion?”: 
Less need for repeat examinations. 


Subjective Sensations in Peripheral Arteriography 


No or slight reactions 












443 


R | (n= 133 patients) 
ee à ; j i iQ 
*Diatrizoate meglumine 52%/sodium 8%; diatrizoate i = L lonic Monomeric Media” 


meglumine 66%/sodium 10%; iothalamate meglumine 60% (n = 130 patients) 


lohexol 


ft Improved hemodynamic profile over conventional ionic media. 
Systolic and diastolic pressures are maintained near baseline levels.®’ 


ft Improving the nephrotoxicity profile: Minimal effect on glomerular 
filtration rate, permeability, or albumin excretion.®° 


Not recommended for patients with anuria. Since adverse reactions 
can occur with nonionic media, similar preparations to those 
recommended for ionic media should be planned to handle severe 
or potentially fatal reactions. 


Wider margin of safety even at higher iodine concentrations.'* 
Less potential for renal damage compared to conventional ionic media. 
Minimal effect on creatinine levels and renal enzymes. '° 


Significant improvement in patient comfort 
in cerebral arteriography. 


D Significant improvement over conventional ionic contrast media: 
Fewer and milder pain and warmth sensations. '™' 
Excellent neurotoxicity profile. 


ft Excellent cardiovascular safety profile: Fewer injections 
accompanied by major changes in heart rate.®14.15 





For periphéral arteriography: Recommended concentrations— Adapted from Wolf‘; data on file, Winthrop-Breon Laboratories ” 
we OMNIPAQUE 300 (300 mgI/mL) or OMNIPAQUE 350 (350 mgI/mL). | Comparable concentration and volume per injection 

For cerebral arteriography: Recommended concentration 

OMNIPAQUE 300 (300 mgl/mL) 


Excellent diagnostic quality in 
intravenous digital subtraction angiography. 


[ Greater patient comfort, better tolerance: Most subjective side 
effects are mild.®'©'® 





BD Excellent diagnostic images: Significantly less image degradation 
secondary to swallow ng, motion, coughing." 


D Good to excellent radiographic quality achieved in 94% of 
patients studied (n = 81).6168 94% of carotid DSA studies conducted 
with no or only slight artifacts. '’ 


Excellent patient tolerance 
in excretory urography. 


[ Less nausea, vomiting, and heat sensation compared to 
conventional ionic contrast media. 


[ In 96% of patients, discomfort was absent or mild.°® 


n 


O lohexol 
(n= 195 patients) 

E lonic Monomeric Media* 
(n= 164 patients) 


*Diatrizoate meglumine 52%/sodium 8%; iothalamate 
sodium; metrizoate meglumine/Na//Ca 


Discomfort in Urography 


Moderate 


Severe 





Data on file, Winthrop-Breon Laboratories.° 





OMNIPAQUE DY 


(IOHEXOL) 








‘See following pages for important product information concerning 
contraindications, warnings, adverse reactions, patient selection, 
and precautionary recommendations. 


Improving the safety profile 
in a broad spectrum of applications. 


ft Less chemotoxicity than ionic contrast media." 
ft Lower osmolality than conventional ionic media." 


ft Minimal effect on key physiologic parameters”: Well tolerated by 
most patients. 


Less neurotoxic than conventional ionic media. 






D Few direct or indirect cardiovascular effects.” 


D Improved patient comfort: Fewer artifacts due to motion 
and swallowing. '®'® 





D Less potential for allergic reactions.?? Since adverse 
reactions can occur with nonionic media, similar preparations 
to those recommended for ionic media should be planned 

to handle severe or potentially fatal reactions. 


Incidence of Adverse Reactions After Intravenous 


Injections Only, in Multicenter Clinical Trials * | 
LJ lonexol (n = 1,683 patients) 


| gia: E lonic Monomeric Media + 
Cardiovascular ł P< 0001 ; 3.83% (n =1 358 patients) 
0.83% 
2 06% 


Central nervous system? P=.004 


° 








Gastrointestinal 


(nausea, vomiting, taste) P<.0001 





Skin P<.0001 
(flushing, urticaria, itching, exanthema) ‘Diatrizoate meglumine 52%/sodium 8%; diatrizoate 
meglumine 66%/sodium 10%; iothalamate meglumine 


Respiratory P=.09 |= m a 60%; ioxithalamate; ioglicinate; iodamide; metrizoate 


| 0.18% 
Muscular Paea E d 0.22% Adapted from Dahlstrom et al.” 





D Supplied in ready-to-use vials and bottles. No dilution or 
reconstitution necessary. 


Product Size (mL/unit) Use 
OMNIPAQUE * 180 (180 mgI/mL) 10 mL, 20 mL vials, Myelo-Kit™ Lumbar, Thoracic, and CT Myelography 






























OMNIPAQUE * 240 (240 mgI/mL) 10 mL, 100 mL vials, 200 mL bottle, | Lumbar and Thoracic Myelography, 
7 Myelo-Kit | Peripheral Venography 
OMNIPAQUE * 300 (300 mgI/mL) 10 mL, 30 mL, 50 mL, 100 mL vials Urography, Cerebral Arteriography, 
| Peripheral Arteriography. Peripheral 
Venography 











OMNIPAQUE * 350 (350 mgI/mL) | 50 mL, 100 mL vials, 200 mL bottle | Angiocardiography, Urogcraphy, 
Peripheral Arteriography, |.V. Digital 
Subtraction Angiography 











*See following pages for important product information concerning *In general, adverse reactions to the intravascular use of 
contraindications, warnings, adverse reactions, patient selection, OMNIPAQUE have been mild and of short duration 
and precautionary recommendations. The general incidence of these occurrences following 


total intravascular use is slightly higher, as shown in the 
product information on the last page 


INJECTION (IOHEXOL) 





PLEASE CONSULT FULL PRODUCT INFORMATION BEFORE USING. 
A SUMMARY FOLLOWS: 
OMNIPAQUE is a nonionic, water-soluble, -adiographic contrast medium 
INDICATIONS AND USAGE: OMNIPAQUE is indicated in adults for angiocar- 
diography (ventriculography, selective coronary arteriography); aortography, 
including studies of the aortic root, aortic arch, ascending aorta, abdominal 
aorta, and its branches: cerebral arteriography; digital subtraction angiogra- 
phy; peripheral angiography including arteriography and venography 
(phlebography); excretory urography; and lumbar and thoracic myelography, 
by conventiona! technique and in computerized tomography 

Administration of contrast media should be performed by qualified personne! 
familiar with the procedure and an appropriate technique should be utilized 
CONTRAINDICATIONS: OMNIPAQUE should not be administered to patients 
with a known hypersensitivity to iohexo! 

Lumbar puncture ordinarily should not be performed in the presence of local 
or systemic infection where bacteremia is likely 

Intrathecal administration of corticosteroids with OMNIPAQUE is contra- 
indicated 

Because of the passibility of overdosage, immediate repeat myelography in 
the event of technical failure is contraindicated (see DOSAGE AND 
ADMINISTRATION) 
WARNINGS—General: OMN/PAQUE should be used with extreme care in 
patients with severe functional disturbances of the liver and kidneys, severe 
thyrotoxicosis, or myglomatosis. Diabetics with a serum creatinine level above 
3 mg/dL should not De examined unless the possible benefits of the examina- 
tion clearly outweigh the additional risk. OMNIPAQUE is not recommended for 
use in patients with anuria 

Radiopaque contrast agents are potentially hazardous in patients with multi- 
ple myeloma or other paraproteinemia, particularly in those with therapeutically 
resistant anuria. Although neither the contrast agent nor dehydration has 
separately proven to be the cause of anuria in myeloma, it has been speculated 
that the combination of both may be causative factors. The risk in myelomatous 
patients is not a contraindication, however, special precautions are necessary 
Partial dehydration in the preparation of these patients prior to injection is not 
recommended since this may predispose the patient to precipitation of the 
myeloma protein in tne renal tubules. No form of therapy, including dialysis, has 
been successful in reversing the effect. Myeloma, which occurs most commonly 
in persons over age 40, should be considered before instituting intravascular 
administration of contrast agents 

lonic contrast media, when injected intravenously or intraarterially, may 
promote sickling in individuals who are homozygous for sickle cell disease 

Administration of radiopaque materials to patients known or suspected of 
having pheochromocytoma should be performed with extreme caution. If, in the 
opinion of the physician, the possible benefits of such procedures outweigh the 
considered risks, the procedures may be performed: however, the amount of 
radiopaque medium injected should be kept to an absolute minimum The 
patient's blood pressure should be assessed throughout the procedure and 
measures for the treatment of hypertensive crisis should be readily available 

Reports of thyroid storm following the use of iodinated, ionic radiopaque 
contrast media in patients with hyperthyro dism or with autonomously function- 
ing thyroid nodule suggest that this additional risk be evaluated in such patients 
before use of any contrast medium 

Urography should be performed with caution in patients with severely 
impaired renal function and patients with combined renal and hepatic disease 

Caution is advised in patients with a history of epilepsy, severe cardiovascular 
disease, chronic alcoholism, or multiple sclerosis 

Elderly patients may present a greater risk following myelography. The need 
for the procedure in these patients should be evaluated carefully. Special 
attention must be paid to dose and concentration of the medium, hydration, and 
technique used 

Patients who are receiving anticonvulsants should be maintained on this 
therapy. Should a seizure occur, intravenous diazepam or phenobarbital sodium 
is recommended. In patients with a history of seizure activity who are not on 
anticonvulsant therapy, premedication with barbiturates should be considered 

Prophylactic anticonvulsant treatment with barbiturates should be considered 
in patients with evidence of inadvertent intracranial entry of a large or concen- 
trated bolus of the contrast medium since there may be an increased risk of 
seizure in suchecases 

Drugs which lower the seizure thresholc, especially phenothiazine 
derivatives, including those used for their antihistamine properties, should not 
be used with OMNIPAQUE. Others include MAO inhibitors, tricyclic antidepres- 
sants, CNS stimulants. and psychoactive drugs described as analeptics, major 
tranquilizers, or antipsychotic drugs. Such medication should be discontinued 
at least 48 hours betore myelography, should not be used for the contro! of 
nausea and vomiting, and should not be resumed for at least 24 hours 
postprocedure 
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Care is required in patient management to prevent inadvertent intracranial 
entry of a large dose or concentrated bolus of the medium. Also, effort should 
be directed to avoid rapid dispersion of the medium causing inadvertent rise to 
intracranial levels (eg, by active patient movement). Direct intracisternal or 
ventricular administration for standard radiography (not CT) is not recom- 
mended 
In most reported cases of major motor seizures with other nonionic myelo- 
graphic media. one or more of the following factors were present. Therefore 
avoid 
e Deviations from recommended procedure or in myelographic management 
e Use in patients with a history of epilepsy 
e Overdosage 
e Intracranial entry of a bolus or premature diffusion of a hign concentration of 
the medium 

e Medication with neuroleptic drugs or phenothiazine antinauseants 

¢ Failure to maintain elevation of the head during the procedure, on the stretcher, 
or in bed 

e Excessive and particularly active patient movement or straining 

lf grossly bloody CSF is encountered, the possible benef ts of a myelographic 
procedure should be considered in terms of the risk to the patent 


PRECAUTIONS—General: Diagnostic procedures which involve the use of 
radiopaque diagnostic agents should be carried out under the direction of 
personnel with the prerequisite training and with a thorough knowledge of the 
particular procedure to be performed. Appropriate facilities should be available 
for coping with any complication of the procedure, as well as for emergency 
treatment of severe reactions to the contrast agent itself. After parenteral 
administration of a radiopaque agent, competent personne! and emergency 
facilities should be available for at least 30 to 60 minutes since severe delayed 
reactions have occurred (see ADVERSE REACTIONS) 

Preparatory dehydration is dangerous and may contribute to acute renal 
failure in patients with advanced vascular disease, diabetic patients, and in 
susceptible nondiabetic patients (often elderly with preexisting renal disease) 
Dehydration in these patients seems to be enhanced by the osmotic diuretic 
action of urographic agents. It is believed that overnight fluid restriction prior to 
excretory urography generally does not provide better visualization in normal 
patients. Patients should be well hydrated prior to and following iohexol 
administration 

In patients with severe renal insufficiency or failure, compensatory biliary 
excretion of the drug is anticipated to occur, with a slow clearance into the bile 
Patients with hepatorenal insufficiency should not be examined unless the 
possibility of benefit clearly outweighs the additional risk 

Acute renal failure has been reported in diabetic patients with diabetic 
nephropathy and in susceptible nondiabetic patients (often elderly with pre- 
existing renal disease) following excretory urography. Therefore, careful 
consideration of the potential risks should be given before performing this 
radiographic procedure in these patients 

Immediately following surgery, excretory urography should be used with 
Caution in renal transplant recipients 

The possibility of a reaction, including serious, life-threatening, fatal, ana- 
phylactoid. or cardiovascular reactions should always be considered (see 
ADVERSE REACTIONS). It is of utmost importance that a course of action be 
carefully planned in advance for immediate treatment of serious reactions, and 
that adequate and appropriate personnel be readily available in case a severe 
reaction should occur 

The possibility of an idiosyncratic reaction in susceptible patients should 
always be considered (see ADVERSE REACTIONS). The susceptible population 
includes patients with a previous reaction to contrast media, patients with a 
known sensitivity to iodine per se, and patients with a known clinical hypersen- 
sitivity. bronchial asthma, hay fever, and food allergies 

The occurrence of severe idiosyncratic reactions has prompted the use of 
several pretesting methods. However, pretesting cannot be re'ied upon to 
predict severe reactions and may itself be hazardous for the patient. It is 
suggested that a thorough medical history with emphasis on allergy and 
hypersensitivity, prior to the injection of any contrast media, may be more 
accurate than pretesting in predicting potential adverse reactions 

A positive history of allergies or hypersensitivity does not arbitrarily contra- 
indicate the use of a contrast agent where a diagnostic procedure is thought 
essential, but caution should be exercised (see ADVERSE REACTIONS) 
Premedication with antihistamines or corticosteroids to avoid or minimize 
possible allergic reactions in such patients should be considered. Recent 
reports indicate that such pretreatment does not prevent serious life-threatening 
reactions, but may reduce both their incidence and severity. 

Even though the osmolality of OMNIPAQUE is low compared to diatrizoate- or 
iothalamate-based ionic agents of comparable iodine concentration, the poten- 
tial transitory increase in the circulatory osmotic load in patients with congestive 
heart failure requires caution during injection. These patients should be ob- 
served for several hours following the procedure to detect delayed hemody- 
namic disturbances 

General anesthesia may be indicated in the performance of some procedures 
in selected adult patients; however, a higher incidence of adverse reactions has 
been reported in these patients, and may be attributable tc the inability of the 
patient to identify untoward symptoms, or to the hypotensive effect of anesthesia 
which can reduce cardiac output and increase the duration of exposure to the 
contrast agent 

Angiography should be avoided whenever possible in patients with 
homocystinuria, because of the risk of inducing thrombosis and embolism 

In angiographic procedures, the possibility of dislodging plaques or damag- 
ing or perforating the vessel wall should be borne in mind during the catheter 
manipulations and contrast medium injection. Test injections to ensure proper 
catheter placement are recommended 

Selective coronary arteriography should be performed only in those patients 
in whom the expected benefits outweigh the potential risk. The inherent risks of 
angiocardiography in patients with chronic pulmonary emphysema must be 
weighed against the necessity for performing this procedure 

Administration of contrast media should be performed by qualified personnel 
familiar with the procedure and appropriate patient management. Sterile 
technique must be used with any spinal puncture 

When OMNIPAQUE is to be injected using plastic disposable syringes, the 
contrast medium should be drawn into the syringe and used immediately 

lf nondisposable equipment is used, scrupulous care should be taken to 
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prevent residual contamination with traces of cleansing agents. 


Parenteral products should be inspected visually for particulate matter and 
discoloration prior to administration. If particulate matter or discoloration is 


present, do not use. l 
Repeat Procedures: If, in the clinical judgment of the physician, sequential or 


repeat subarachnoid examinations are required, a suitable interval of time 

between administrations should be observed to allow for normal clearance of 

the drug from the body. 

information for Patients: Patients receiving injectable radiopaque diagnostic 

agents should be instructed to: 

1. Inform your physician if you are pregnant. 

2. Inform your physician if you are diabetic or if you have multiple myeloma, 
pheochromocytoma, homozygous sickle cell disease or known thyroid 
disorder (see WARNINGS). 

3. Inform your physician if you are allergic to any drugs, food, or if you had any 
reactions to previous injections of dyes used for x-ray procedures. 

4. Inform your physician about any other medications you are currently taking, 
including nonprescription drugs, before you are administered this drug. 

Drug/Laboratory Test Interaction: |f iodine containing isotopes are to be 

administered for the diagnosis of thyroid disease, the iodine-binding capacity of 

thyroid tissue may be reduced for up to two weeks after contrast medium 
administration. Thyroid function tests which do not depend on iodine estimation, 
eg, T, resin uptake or direct thyroxin assays, are not affected. 

Drug Interactions: Drugs which lower the seizure threshold—especially phe- 

nothiazine derivatives including those used for their antihistaminic or antinause- 

ant properties—should not be used with OMNIPAQUE. Others include mono- 
amine oxidase (MAO) inhibitors, tricyclic antidepressants, CNS stimulants, 

and psychoactive drugs described as analeptics, major tranquilizers, or anti- 

psychotic drugs. Such medications should be discontinued at least 48 hours 

before myelography, should not be used for the control of nausea or vomiting 
during or after myelography, and should not be resumed for at least 24 hours 
postprocedure. In nonelective procedures in patients on these drugs, consider 
prophylactic use of anticonvulsants. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: No long-term animal 

studies have been performed to evaluate the potential of iohexol in these areas. 

Pregnancy Category B: Reproduction studies have been performed in rats and 

rabbits with up to 100 times the recommended human dose. No evidence has 

been established of impaired fertility or harm to the fetus due to OMNIPAQUE; 
there are, however, no studies in pregnant women. Because animal reproduction 
studies are not always predictive of human response, this drug should be used 
during pregnancy only if clearly indicated. 

Nursing Mothers: Caution should be exercised when OMNIPAQUE is admin- 

istered to a nursing woman, it is not Known to what extent iohexol is excreted in 

human milk. 

Pediatric Use: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS: 

Intrathecal: Adverse reactions to the intrathecal use of OMNIPAQUE in genera! 
have been mild to moderate in degree, and of short duration. The incidence of 
these occurrences, based on clinical trials of 584 patients, is as follows: 

Headaches: The most frequently occurring adverse reaction following myelog- 
raphy with OMNIPAQUE has been headache, with an incidence of less than 
20%. Headache may be caused either as a direct effect of the contrast medium 
or by CSF leakage at the dural puncture site. However, in managing the patient, 
itis considered more important to minimize intracranial entry of contrast 
medium by postural management than to attempt to control possible CSF 
leakage. 

Pain: Mild pain including backache, stiffness, and neuralgia occurred follow- 
ing injection with an incidence of about 8%. 

Nausea and Vomiting: Nausea was reported, with an incidence of about 6%, 
and vomiting of about 3% (based on clinical trials of 584 patients—see PATIENT 
MANAGEMENT). Maintaining normal hydration is very important. The use of 
phenothiazine antinauseants is contraindicated. Reassuring the patient that the 
nausea will clear is usually all that is required. 

Dizziness: Transient dizziness was reported in about 2% of the patients. 
Other Reactions: Other reactions, occurring with an individual incidence of 
less than 0.1%, included feeling of heaviness, hypotension, hypertonia, sensa- 
tion of heat, sweating, vertigo, and loss of appetite. All were transient and mild, 

with no clinical sequelae. 

General Adverse Reactions to Contrast Media: Physicians should remain alert 
for the occurrence of adverse effects in addition to those discussed above, 
particularly those already reported in the literature for other nonionic, water- 
soluble myelographic contrast media. These have included but are not limited to 
aseptic and bacterial meningitis, and CNS and other neurologic disturbances. 
Intravascular: Adverse reactions to the intravascular use of OMNIPAQUE have 
usually been of mild to moderate severity. However, serious, life-threatening and 
fatal reactions, mostly of cardiovascular origin, have been associated with the 
administration of iodine-containing contrast media, including OMNIPAQUE. The 
injection of contrast media is frequently associated with the sensation of warmth 
and pain, especially in peripheral angiography; pain and warmth are less 
frequent and less severe with OMNIPAQUE than with many ionic media, but 
lower osmolality media are similar in this respect. The incidence of these 
occurrences in Clinical trials is as follows: 

Cardiovascular System: Arrhythmias including PVCs and PACs (3%), an- 
gina/chest pain (2%), and hypotension (1%). Others including cardiac failure, 
asystole, bradycardia, tachycardia, and vasovagal reaction were reported with 
an individual incidence of less than 0.8%. In controlled clinical studies involving 
900 patients, one fatality occurred. In widespread clinical use, the incidence of 
fatality is estimated at 0.0003%. 

Nervous System: Pain (6%), photomas (3%), headache (2%), and metallic 
taste (0.8%). Others including anxiety, blurred vision, dizziness, fever, motor and 
speech dysfunction, convulsion, light-headedness, paresthesia, somnolence, 
vertigo, stiff neck, hemiparesis, and nystagmus were reported, with an individu- 
al incidence of less than 0.3%. 

Respiratory System: Dyspnea, laryngitis, and throat irritation, with an individu- 
al incidence of 0.1%. 

Gastrointestinal System: Nausea (2%) and vomiting (0.5%). Others including 
diarrhea, dyspepsia, and dry mouth were reported, with an individual incidence 
of 0.1%. 
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Skin and Appendages: Urticaria (0.3%) and purpura (0.1%). 

Individual adverse reactions which occurred to a significantly greater extent 
for a specific procedure are listed under that indication. 

General Adverse Reactions to Contrast Media: Physicians should remain alert 
for the occurrence of adverse effects in addition to those discussed above. The 
following reactions have been reported after administration of other intravascular 
iodinated contrast media. Reactions due to technique: hematomas and ecchy- 
moses. Hemodynamic reactions: vein cramp and thrombophlebitis following 
intravenous injection. Cardiovascular reactions: rare cases of cardiac arrhyth- 
mias, reflex tachycardia, chest pain, cyanosis, hypertension, hypotension, 
peripheral vasodilatation, shock, and cardiac arrest. Renal reactions: occasion- 
ally, transient proteinuria, and rarely, oliguria or anuria. Allergic reactions: 
Asthmatic attacks, nasal and conjunctival symptoms, dermal reactions such as 
urticaria with or without pruritus, as well as pleomorphic rashes, sneezing and 
lacrimation and, rarely, anaphylactic reactions. Rare fatalities have occurred, 
due to this or unknown causes. Signs and symptoms related to the respiratory 
system: pulmonary or laryngeal edema, bronchospasm, dyspnea; or to the 
nervous system: restlessness, tremors, convulsions Other reactions: flushing, 
pain, warmth, metallic taste, nausea, vomiting, anxiety, headache, confusion, 
pallor, weakness, sweating, localized areas of edema, especially facial cramps, 
neutropenia, and dizziness. Rarely, immediate or delayed rigors can occur, 
sometimes accompanied by hyperpyrexia. Infrequently, “iodism” (salivary gland 
swelling) from organic iodinated compounds appears two days after exposure 
and subsides by the sixth day. 

CONSULT PACKAGE INSERT FOR A MORE DETAILED DISCUSSION OF 
ADVERSE REACTIONS to both intrathecal and intravascular use of 
OMNIPAQUE. 

DOSAGE AND ADMINISTRATION: CONSULT FULL PACKAGE INSERT 
BEFORE USE. Details on dose, concentration, and administration are provided 
for each of the indicated procedures. 


HOW SUPPLIED: OMNIPAQUE is available in the following packaging and 
concentrations, requiring no dilutions or reconstitutien: 

Vials of 10 mL, 180 mgI/mL, boxes of 10 (NDC 0024-1411-10) 

Vials of 20 mL, 180 mgI/mL, boxes of 10 (NDC 0024-1411-20) 

Vials of 10 mL, 240 mgI/mL, boxes of 10 (NDC 0024-1412-10) 

Vials of 100 mL, 240 mgI/mL, boxes of 5 (NDC 0024-1412-15) 

Bottles of 200 mL, 240 mgI/mL, boxes of 5 (NDC 0024-1412-25) 

Vials of 10 mL, 300 mgI/mL, boxes of 10 (NDC 0024-1413-10) 

Vials of 30 mL, 300 mgI/mL, boxes of 10 (NDC 0024-1413-30) 

Vials of 50 mL, 300 mgI/mL, boxes of 10 (NDC 0024-1413-50 

Vials of 100 mL, 300 mgI/mL, boxes of 5 (NDC 0024-1413-15 

Vials of 50 mL, 350 mgI/mL, boxes of 10 (NDC 0024-1414-50) 

Vials of 100 mL, 350 mgI/mL, boxes of 5 (NDC 0024-1414-15) 

Bottles of 200 mL, 350 mgI/mL, boxes of 5 (NDC 0024-1414-25) 
MYELO-KIT™ containing: One vial of 10 mL, 180 mgI/mL, and one sterile 
myelogram tray, boxes of 5 (NDC 0024-1411-05) 

MYELO-KIT™ containing: One vial of 20 mL, 180 mgl/mL, and one sterile 
myelogram tray, boxes of 5 (NDC 0024-1411-51) 

MYELO-KIT™ containing: One vial of 10 mL, 240 mgl/mL, and one sterile 
myelogram tray, boxes of 5 (NDC 0024-1412-05) 
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Efficient bowel evacuants 


for diagnostic 
procedures 


Excellent visualization...fewer retakes 


m 95% efficacy proven with X-PREP® 
Liquid in 749 patients prepared for 
diagnostic procedures such as 
barium enemas and IVPs* 


m Effective for colonoscopy and 
sigmoidoscopy* 


2% Fl. oz. (74 ml) (standardized 
extract of senna fruit) 


*Data on file, Medical Department, 
The Purdue Frederick Company. 

Gray Pharmaceutical Co., Affiliate 
The Purdue Frederick Company 
Norwalk, CT 06856 










Contains two SENOKOT-S® Tablets 
(Standardized senna concentrate 
and docusate sodium), one bottle 
Of X-PREP Liquid 2% fl. OZ. (74 mI), 
one RECTOLAX® Suppository 
(bisacodyl 10 mg), plus easy-to- 
follow instructions. 


Contains one pack CITRALAX® 
Granules 1.06 0z. (effervescent 
citrate/sulfate of magnesia), one 
bottle of X-PREP Liquid 2% fl. 02. 
(74 ml), one RECTOLAX Suppository, 
plus easy-to-follow instructions. 






with en 
CITRALA = 
RECTOLAjce G'anuies ang 


© 1984, Gray Pharmaceutical Co 


PFR-081/84 


453 


Special The Status of MRI in 1986: 
Article Rates of Adoption in the United States 
and Worldwide 


Earl P. Steinberg’ To determine the status of diffusion of MR imagers worldwide at the end of 1985, a 
survey of all known MRI manufacturers was conducted in January 1986. The results 
indicate that 371 (73%) of the 511 MR imagers installed worldwide at the end of 1985 
were in the United States. The number of MR imagers installed in the United States more 
than tripled in 1985, with an increasing tendency toward use of superconducting magnets 
and installation of MR imagers in outpatient settings. Despite the recent implementation 
of prospective payment in the United States, MR imagers are diffusing widely, although 
not as rapidly as CT scanners a decade ago. 





MR imagers continue to attract tremendous attention in the scientific community, 
health-policy circles, and the public at large. In part, this interest is due to the 
tremendous clinical potential of MRI. In addition, however, MR imagers have 
attracted attention because of their high fixed costs and widespread concerns 
about the impact of current efforts to cut health-care costs on rates and patterns 
of adoption of high-cost technological innovations, such as MRI [1, 2]. One year 
ago the diffusion of MR imagers in the United States was reported to be lagging 
substantially behind the rate at which CT scanners had been adopted a decade 
earlier [3]. In addition, compared with the distribution of CT scanners a decade 
ago, MR imagers are more often installed in outpatient settings [3]. To determine 
the extent to which these U. S. trends have changed over the past year, as well 
as the current status of diffusion of MRI worldwide, we undertook a survey of all 
known MR imager manufacturers in January 1986. Fourteen of 15 worldwide MRI 
manufacturers responded to the survey. (Fifteen MRI manufacturers were identified 
and surveyed: Bruker, CGR, Diasonics, Elscint, Fonar, General Electric, Instrumen- 
tarium, JEOL, M & D, Philips, Picker, Shimadzu, Siemens, Technicare, and Toshiba. 
All manufacturers except M & D responded; M & D does not have any MRI 
installations in the United States.) The results of this survey and the important 
issues raised by them are presented in this report. 


Results 
Total Installations 


Despite the high cost of MR imagers, uncertainty regarding third-party reimburse- 

Received June 9, 1986; accepted June 9, 1986. ment for their clinical use, and efforts by state health planners to limit the rate at 

E. P. Steinberg is a Henry J. Kaiser Family which MR imagers are adopted by health-care providers, the number of MR imagers 
Foundation Faculty Scholar in General internal Mec installed in the United States more than tripled in 1985. As can be seen in Figure 
‘The Johns Hopkins Hospital, Carnegie 330, 1, by the end of 1985 371 MR imagers were installed in the United States, 
eee eee 21205. Address compared with 108 at the end of 1984. As many as 350 additional MR imagers 
dalennau eet are expected to be shipped to U. S. sites in 1986 [4], and as many as 1430 MR 
Pak eee eee S imagers may be installed in the United States by the end of 1988 [5]. Despite this 


0361-803X/86/1473-0453 
© American Roentgen Ray Society rapid growth in MRI installations, the number of MR imagers (371) installed in the 


454 STEINBERG 





1000 —- 
921 
A 
a 800 + a 
I O = MA 
m 5 
2 un 600 + 
E a75, 
> fe 
E er 400 —- 374, 
<1 | m 
z- 196 / 
Is 200 + A 
G) g | | l 108 
TONENE: aa E 
0 -e r a — j 
1973 1974 1975 1976 4977 CT 
1981 1982 1983 1984 1985 MR 


Fig. 1.—Cumulative number of MR and CT imagers in the United States 
over time. Calendar year 1973 is taken as “time zero" for CT scanners, and 
calendar year 1981 as “time zero” for MR imagers. The source of the 1985 MR 
installation data is a survey of 15 manufacturers of MR imagers conducted in 
January 1986 (see text for details). The source of the other MR and CT data 
is Steinberg et al. [3]. 
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Fig. 2.—Cumulative number of MRI installations in the United States and 
worldwide over time. The source of the 1985 MRI installation data is a survey 
of 15 manufacturers of MR images conducted in January 1986 (see text for 
details). The source of the 1978-1984 data is Steinberg et al. [6]. 


United States at the end of 1985 is still only 40% of the 921 
CT scanners that had been installed at a comparable period 
of time after their introduction into the United States [3]. 

As has been the case with other high-cost medical tech- 
nologies, the number of MR imagers installed in the United 
States greatly exceeds the total installed in the rest of the 
world. On the basis of the information from MR manufactur- 
ers, 140 MR imagers had been installed outside the United 
States by the end of 1985 (Fig. 2). Thus, 73% of the 511 MR 
imagers installed worldwide at the end of 1985 were located 
in the United States. Although an accurate accounting of MR 
installations outside the United States is not available, our 
survey indicates that the two other countries with the greatest 
number of MR installations are Japan and the Federal Repub- 
lic of Germany. 
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TABLE 1: Types of Magnets Used in MR Imagers Installed in 
the United States 


Year Permanent (%) Resistive (%) Superconducting (%) 


19837 7 44 49 
1985° 6 7 87 


a From Steinberg et al. [6]. 
? From survey of 15 manufacturers of MR imagers conducted by author, January 1986. 
See text for details. 


Inpatient vs Outpatient Distribution 


Data collected at the enc of 1984 indicated that a substan- 
tially higher proportion of MR imagers in the United States 
were installed in outpatient settings than was the case with 
CT scanners a decade ago [3]. Our survey data indicate that 
this trend continued in 1985. Of the 371 MR imagers installed 
in the United States at the end of 1985, 160 (43%) were 
located in hospitals or major medical centers, and 167 (45%) 
were located in freestanding, outpatient imaging facilities. An 
additional 44 (12%) MR imagers were mobile units. Seventeen 
of the 44 mobile units were known to be serving 27 hospital 
sites. One of the mobile systems was based at an outpatient 
facility. No data were available on the exact locations or the 
patient populations of the remaining 26 mobile MRI systems. 

Thus, including consideration of mobile MR imagers, at 
least 45% and at most 52% of MR imagers installed in the 
United States at the end of 1985 were located outside of 
acute-care hospitals. This represents more than twice the 
percentage of CT scanners that were installed in outpatient 
facilities in the United States at the end of 1980, and it is a 
considerable increase compared with the 39% outpatient 
share of U. S. MR installations at the end of 1984 [3]. 


Magnet Type 


Table 1 presents data on the different magnet types of MR 
imagers installed in the United States at the end of 1983 and 
1985. Over the past 2 years, the U. S. MRI market has 
become dominated by superconducting magnet systems. 
Although the market share of permanent magnets has held 
constant between 1983 and 1985, the market share attrib- 
utable to resistive systems has dropped dramatically. Thus, 
despite the lower cost of resistive MR systems and uncer- 
tainties regarding third-party payment rates for MR scans 
performed on different types of magnets, U. S. purchasers 
have indicated a clear preference for MR imagers employing 
superconducting magnets. 


Discussion 


Several trends emerge from these data regarding MR in- 
Stallations at the end of 1985. First, the United States contin- 
ues to be the major worldwide consumer of MR imagers, 
repeating earlier patterns of adoption of CT scanners and 
other high-cost medical technologies. This higher rate of 
adoption in the United States is likely due to greater availability 
of public and private health-care funds in the United States 
and to stricter national controls outside the United States. 
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Second, despite the increased cost-consciousness that 
pervades the American health-care system today and efforts 
by state health planners to delay widespread adoption of MR 
imagers until more is Known about their clinical benefits, MR 
imagers are being adopted widely and rapidly. There are now 
approximately 1.5 MR imagers per million population in the 
United States. Although concerns about the impact of pro- 
spective payment on hospital budgets may be slowing the 
rate of adeption of MR imagers in the United States, such 
concerns Clearly are not preventing providers from acquiring 
this technology. A trend has emerged in the United States 
toward adeption of the higher-cost superconducting MR im- 
agers, which adds further credence to the notion that cost- 
containment efforts are not precluding adoption of high-cost 
technological innovations. As hospital admission rates decline 
and competition for patients intensifies, in fact, hospitals may 
be acquiring highly visible technologies, such as MRI, as a 
means of attracting patients but without a clear-cut notion of 
the impact of MRI on the costs of individual hospitalizations. 

Two events during the past year may spur adoption of MRI 
in the United States even further. (1) Medicare approved 
coverage for MRI in November 1985. With almost 40% of 
hospitals’ revenues derived from Medicare [7], payment for 
MRI by Medicare is critical to the long-term economic viability 
of any hospital’s MRI program. Although some coverage by 
Medicare was anticipated in 1985, the coverage provided by 
Medicare was broader than many observers had expected. 
With other third-party payers now expected to follow Medi- 
care’s lead. many hospitals that had been delaying acquisition 
of MRI may now decide to acquire the technology. (2) In April 
1986 the Prospective Payment Assessment Commission 
(ProPac) recommended to Congress that for a period of 3 
years Medicare should pay a “DRG add-on” (i.e., a special 
payment in addition to the established payment rates for 
diagnostic-related groups [DRGs]) for each covered scan 
performed on an inpatient Medicare beneficiary [8]. ProPac 
recommended that this add-on be set at $124 for each 
inpatient scan performed by a hospital caring for a Medicare 
beneficiary. Although it is unlikely that this recommendation 
will be approved by the Health Care Financing Administration, 
the recommendation itself may influence some hospitals that 
have been:concerned about federal payments for MRI. 

The final trend that emerges from our survey data is the 
increasing tendency for MR imagers to be installed outside of 
hospitals. It has been suggested [3] that this trend is due to 
(1) certificate-of-need laws that tend to apply to hospitals but 
not outpatient diagnostic imaging centers, (2) the DRG-based 
prospective payment system, (3) increased entrepreneurial- 
ism among physicians and in the provision of health-care 
services generally, and (4) the lack of suitability of MRI for 
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patients requiring intensive monitoring or mechanical support. 
This suggestion is likely still valid. The fact that 84% of the 
MR imagers located in outpatient facilities have been reported 
to be owned in whole or in part by physicians [5] is likely to 
receive increasing attention from the medical profession and 
State legislatures. If the observed tendency to install MR 
imagers outside of hospitals continues, physicians will need 
to ensure adequate quality control and peer review in these 
freestanding imaging centers. 

In summary, four major trends can be discerned from the 
data we have collected regarding the diffusion of MR imagers 
in the United States and abroad. (1) MR imagers are diffusing 
much more rapidly in the United States than in the rest of the 
world. (2) Although their diffusion in the United States is 
accelerating rapidly, the number of MR imagers in the United 
States is still less than the number of CT scanners that had 
been installed at a comparable period after their introduction. 
(3) Superconducting magnets have emerged as the dominant 
MRI technology in the United States. (4) The greater tendency 
to install MR imagers in outpatient settings compared with 
CT is becoming even more marked. It remains to be seen 
whether these trends will continue as experience is gained 
from the expanding number of MRI installations worldwide. 
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American Roentgen Ray Society 87th Annual Meeting 
April 26-May 1, 1987, Miami Beach, FL 


Fontainebleau-Hilton Hotel 


Registration and Hote! Reservations 


Forms for advance registration and hotel reservations will be in the 
January and February 1987 issues of the AJA. 


Scientific Program 


Abstracts of papers to be considered for the program must reach 
the president-elect by Sept. 20. Forms on which to submit abstracts 
are in this issue of the AJR. Please photocopy if additional copies are 
needed. The ARRS Program Commitee wil select papers in late 
September and notify authors in mid-October. AJR has first rights to 
all papers accepted for presentation at the ARRS meeting. Send 
abstracts to: 

Raymond A. Gagliardi, M.D. 
Dept. of Radiology 

St. Joseph Mercy Hospital 
900 Woodward Ave. 


Telephone (313) 858-3266 Pontiac, MI 48053 


Refresher Course Program 


A summary of the refresher courses will appear in the AJR in 
January along with advance registration forms. Early registration is 


an advantage in assuring preferred courses in this popular program. 
Dr. J. T. Ferruci, Jr. is prograrn director. 


Scientific Exhibits 


Proposals for scientific exhibits must reach the Chairman of Ex- 
hibits by Sept. 20. Forms, which may be photocopied, are in this 
Issue of the AJR. Send completed form to: 

John E. Madeweil, M.D. 
Dept. of Radiology 
Baylor College of Medicine 
One Baylor Plaza 


Telephone (713) 799-6362 Houston, TX 77030 


Local Program 


A program of sightseeing, shopping, and entertainment will be 
developed by the Local Arrangements Chairman. Information and 
advance registration forms wii be in the January and February issues 
of the AJR. 


President's Award Papers 


The society offers several cash awards for the best scientific 
papers prepared by residents in radiology. The President’s Award 


has a $1000 prize. There are two Executive Council awards of $500 

each. All are presented at the annual meeting. Papers should be 

submitted by Jan. 31 for consideration in this competition. Send 
entries to: 

B. G. Brogden, M.D. 

Dept. of Radiology 

University of South Alabama Medical Center 

2451 Fillingim Street 

Mobile, AL 36617 


ARRS Membership Requirements 


The American Roentgen Ray Society (ARRS) has two membership 
categories: active and In-training. For active membership, applicants 
must practice radiology In the U.S. or Canada. Each must have 
graduated In good standing from an approved medical schoo! or hold 
an advanced degres in physical, chemical, or biological science and 
be certified by the American Board of Radiology, the Royal College 
of Physicians and Surgeons of Canada, or otherwise adequately 
document training and credentiats. 

A memberin-training must be in a radiology residency or postres- 
dency felowship program or be a postgraduate student In an alied 
science. Status must be verified by the program director. 

For consideration during the 1987 ARRS meeting, completed 
applications must be received no later than Feb. 1. Obtain forms and 
details from: 

Rosalind H. Troupin, M.D. 
Department of Radiology 

Hospital of University of Pennsyivania 
3400 Spruce St. 

Philadelphia, PA 19104 


Associated Society Meetings 


Society for Pediatric Radiology and European Society of Pe- 
diatric Radiology 

The inaugural conjoint International Pediatric Radiology '87 meet- 
ing wil meet May 30—June 4, 1987 at the Westin Hotel, Toronto, 
Ontarto, Canada. Deadline for receipt of abstracts ts February 1, 
1987. For detaiis contact: Donald R. Kirks, M.D., Secretary, Society 
for Pediatric Radiology, c/o Dept. of Radiology, Childrens Hospital 
Medical Center, Elland and Bethesda Aves., Cincinnati, OH 45229, 
(513) 559-4880 


Deadlines 
Abstracts of papers: September 20 


Scientific exhibit proposals: September 20 
Resident's Award papers: January 31 


Membership applications February 1 
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Segmental Bronchovascular 
Anatomy of the Lower 
Lobes: CT Analysis 





A systematic evaluation of the anatomic relationships of the seqmental bronchi, 
arteries, and veins of 107 right and 113 left lower lobes was made from CT scans of 
patients with normal chest radiographs. The classic taxonomies of Boyden and Jackson 
and Huber were used for nomenclature. Identification of individual structures was based 
primarily on careful analysis of contiguous CT slices. The frequency of identification of 
each of the major segmental bronchi and their corresponding arteries was established, 
and variations in the number and position of arteries were recorded at four transverse 
levels on the right side and three levels on the left side. The segmental venous tributaries 
of the inferior pulmonary vein were also identified. Although there is considerable 
constancy in the anatomy of the lower lobe segments, variation from the dominant 
pattern occurred in as many as 20% of cases. Sometimes major segmental bronchi 
were not identified and presumably varied in their origin. The segmental arteries may 
be single, duplicate, or even triplicate. Within the segments, the arteries generally lie 
toward the lung periphery relative to their corresponding bronchi, thus being anterior, 
lateral, or posterior. The segmental veins generally lie central to their bronchi, thus being 
posterior, medial, or anterior. Knowledge of prevailing patterns and variant appearances 
of the lower-lobe vascular structures can be helpful in interpreting CT scans. Such 
knowledge is a prerequisite for the identification of pulmonary nodules in the vicinity of 
vascular structures and the recognition of intersegmental lymph nodes and aberrant 
vessels. 


The recognition and evaluation of intrathoracic diseases has been greatly im- 
proved by CT. Proper image interpretation requires familiarity with central and 
peripheral bronchovascular anatomy, particularly when pulmonary nodules are 
considered. To our knowledge, no complete CT analysis of the vasculature of the 
lower lobes has been performed. When arterial distribution has been reviewed, 
detailed anatomy of venous structures has been omitted owing to their interseg- 
mental position and supposed difficulties in identification [1]. A thorough study of 
the topography of the bronchovascular structures in the lower lobes was under- 
taken to document the prevailing anatomic relationships between the segmental 
bronchi, segmental arteries, and segmental veins, together with important varia- 
tions. CT scans of adults with normal lungs were retrospectively studied, and 
structural identification was made by careful contiguous-slice analysis. 


Materials and Methods 


We retrospectively reviewed CT scans of 107 right and 113 left lower lobes in adults aged 
16-75 years. Most of the scans had been performed for a variety of benign mediastinal 
diseases: fat deposition, benign mass, and myasthenia gravis. Other scans were obtained as 
part of a protocol for detection of occult metastasis in patients with extrathoracic tumors and 
for the evaluation of emphysema. Both lungs were studied except in patients with localized 
disease (such as solitary pulmonary nodule or carcinoma) without apparent metastasis, in 
which case the affected lung was excluded. 
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Patients were scanned in supine position from the level of the 
thoracic inlet to the upper abdomen. IV contrast material was used 
in 87 patients but not routinely. Scans were made at the end of 
inspiration with a Pfizer 0450 CT unit at 10-mm Intervals using 9-mm 
sice thickness and 5-sec scan time. Slices were examined with a 
window width of 1100 H and average window of —500 H. To identify 
individual structures, we depended heavily on analysis of contiguous 
CT slices. Distinction between vascular and nonvascular structures, 
especially of smal size, was not often resolved by contrast injection 
because of technical problems. We depended on the following prin- 
ciples: bronchi and pulmonary vessels are tubular structures whose 
representation depends on thei orientation to the scan plane; they 
appear longitudinal when parallel, oval when oblique, and rounded 
when perpendicular. Peripheral bronchi are recognized by thelr central 
alr column and segmental! arteries, and veins are recognized by their 
soft-tissue densities. The vessels were named according to their 
relation to the bronchi; we had special interest in identification of 
segmental arteries and veins. 

Standard nomenctature taken from Boyden [2] and Jackson and 
Huber [3] was used to identify the segmental structures (Tabie 1). 
These classic studies described anatomic relations in frontal and 
sagittal planes. Others [4—6] have also described the anatomy of the 
lung segments in these planes. We determined the structural rela- 
tionships in the transverse plane inasmuch as no thorough segmental 
description in this plane is avaliable In the anatomic literature. We 
determined the frequencies of identification and position of the seg- 
mental bronchi, arteries, and veins at four levels (A-D) on the right 
side (Fig. 1) and at threes levels (A-C) on the left side (Fig. 2). 


AJR:147, September 1986 


Observations 
Right Lower Lobe 

Apical or superior segment (S°). The apical bronchus of 
the right lower lobe (B°) is the first poszerior branch of the 
lower-lobe bronchus. It usually arises just below the middie- 
lobe bronchus (B**5) or opposite to It and bifurcates to form 
a common trunk for the medial and superior subsegmental 
bronchus (B®a + b) and the lateral subsegmental bronchus 
(B*c) (Fig. 3). 

The apical or superior segmental artery (Aĉ) arisas poste- 
riorty from the descending artery at the same level as the 
segmental arteries of the middle lobe (A***) and accompanies 
B® superiorly. In anatomic descriptions, these are the prevail- 
ing patterns of B® and A® and are found in 95% and 80% of 
specimens, respectively [2, 4, 5]. 

We searched for the apical segment Cronchus and artery 
on level A. B® was identified as a tubular bronchial structure, 
usually at the same level as B**®. It was seen in 78% of 
cases. Aê was seen along Its entire lengh cephalad to B® as 
tubular shadow in 92% of cases (Fig. 4). 

Variations in the branching of B® and A? occur. In 5% of 
anatomic specimens, B®c is an independent branch immedi- 
ately inferior to B°a + b. This pattern Is suggested on CT 
slices when two tubular bronchial structures are seen poste- 
riorly to the right lower-lobe bronchus, ane above the other 


TABLE 1: Nomenctature of Bronchopulmonary Segmental Anatomy 





Segments (S) 
Right upper lobe 
Apical S! 
Anterior S? 
Posterior S? 
Right middie lobe 
Lateral St 
Medial së 
Right lower lobe 
Superior (apical) Sy 
Medial basal (paracardiac) s’ 
Antertor basal S8 
Lateral basal S? 
Posterior basal se 
Left upper lobe 
Upper division 
Apicoposterior si 
Anterior S? 
Lower (lingular) division 
Superior lingular Ss‘ 
Inferior lingular s5 
Left lower lobe 
Supertor (apical) sé 
Anteromedial s’*8 
Lateral basal S° 
Posterior basal g" 


Boyden [2] 

Segmental Segmental Segmental 
Bronchi (B) = Arteries (A) Veins (V) 
B! A' Vi 
B? A? ve 
B? A’ v 
B‘ AS vi 
Bë AS v5 
BS Ae ve 
B’ A’ yi 
Be Ae ve 
B® A? ye 
Re A1 yi 
Bits A1 yits 
B? A? ve 
B* A‘ v‘ 
BS AS ve 
B® Ae Ve 
B’ts Az y7ts 
B? AS y? 
B! 9 A! 0 y! 0 


Note.— This table modified slightly from Jackson and Huber [3] and Boyden [2]. 
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Fig. 1.—Schematic diagram of bronchovascular anatomy of right lower lobe at four levels. A, Level A: 
bronchovascular structures of Sê at same level as those of S‘**>. B, Level B: proximal level, just below 
common basal bronchus. C, Level C: radiate arrangement of bronchoarterial structures and lower-lobe 
venous drainage. D, Level D: distal level showing tributaries of common basal vein. RSPV, right superior 
pulmonary vein; ILA, interlobar artery; Bl, bronchus intermedius; RIPV, right inferior sulmonary vein; CBV, 
common basal vein. 





but with narrower diameter than usually encountered with B° The right paracardiac bronchus (medial basal bronchus) 


alone. In 20% of anatomic specimens, there are two separate 
arteries, respectively, above and below B° [2, 4, 5]. By CT 
these are recognized as two tubular densities. 

Basal segments. The bronchovascular structures in the 
four basal segments were studied at three transverse levels 
(B-C-D) (Fig. 1). Numerous anatomic variants exist. 


(B’) arises below B® anteriorly or anteromedially from the 
common basal bronchus. It bifurcates into subsegmental 
anterior (B’a) and subsegmental medial (B’b) bronchi. These 
subsegmental bronchi are seen on a lower contiguous slice 
as two clear, rounded areas, narrower than B’. We always 
encountered them in front of the right inferior pulmonary vein 
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Fig. 2.—Schematic diagram of bronchovascular anatomy of left lower lobe vascular structures. C, Level C: distal segmental bronchi, their arteries, and 
at three levels. A, Identification of Sê structures at same level as structures of their venous tributaries of left inferior pulmonary vein. DA, descending artery: 
lingula S**°. B, Level B: proximal ramifications of lower-lobe bronchus and LIPV, left inferior pulmonary vein. 


Fig. 3.—Right lowertobe superior segment. 
Bronchus, B®, arises at same level as B**® and 
bifurcates into superomedial (B°a + b) and lateral 
(B°c) rami. ULA, upper-lobe artery; ILA, interlobar 
artery; SPV, superior pulmonary vein. 





as in type | of Boyden’s classification (Fig. 5). B’a and B’b shadow aanterolaterally to B’. A’a and A’b have the same 
can be separated by the right inferior pulmonary vein in type topography as their respective subsegmental bronchi B’a and 
Il of Boyden’s classification [2]. B’b. 

The segmental artery (A’) appears as a rounded or oval The common basal bronchus is observed on a level inferior 
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Fig. 4.—Artery of right lower-lobe superior seg- 
ment. A, Artery (A) originates posteriorly from de- 
scending artery (DA) and has a parallel course 
cephalad to B®. BI, bronchus intermedius. B, Sub- 
segmental rami recognized as three vascular den- 
sities posterior to lower-lobe bronchus (LLB). DA, 
descending artery. 


to B’ as a typical radiate distribution represented by the 
anterobasal bronchus (Bê), the laterobasal bronchus (B°), and 
the posterobasal bronchus (B"°) (Fig. 5). Their segmental 
arteries (A8, A°, and A'°) are recognized as rounded or oval 
opacities that lie peripheral to their bronchi (i.e., anterolateral, 
lateral, and posterolateral, respectively). 

Arterial variations related to the number of segmental basal 
arteries and their position relative to their respective bronchi 
are described in the anatomic literature [2, 4, 5]. These can 
be observed on CT slices and may be summarized as follows 
and illustrated as in Figure 6. A® is a single artery in 80%, 
lying anteriolateral to B®. Two separate arteries around B® are 
encountered in 20% of cases, and they lie either in anterola- 
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teral positions or one anterolateral and cne posterolateral 
position relative to the bronchus. A? is a single artery in 70% 
lying anterolaterally to B®’. Two separate arteries are seen in 
26% with three patterns: superior/lateral, laceral/posteroinfer- 
ior, anterosuperior/posteroinferior. In 4% of cases, three sep- 
arate arteries exist and lie lateral to B®. A’ is a single artery 
in 90% and double or triple in 10%. It lies posterior or 
posterolateral to B'°. 

The right inferior pulmonary vein is usuelly formed by the 
union of the apical (superior) vein (Vê) and tae common basal 
vein. V runs inferiorly to B® and superolaterally along the 
posterior wall of the common basal bronchus before entering 
the right inferior pulmonary vein at a lower level on the medial 
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Fig. 5.—Right paracardiac segment. A, Subseg- 
mental divisions of B’ are not well seen but can be 
located because of their closely opposed anterior 
and medioarterial rami, A’a and A’b. B, Another 
common pattern of B’ bifurcation. B’a is anterior to 
B’b, and they lie in front of right inferior pulmonary 
vein (RIPV). A’b is posterior to B’b. Common basal 
vein (CBV) lies between B’ rami and other segmen- 
tal basal bronchi before entering RIPV. 





side of B”. V° is recognized in its intersegmental course as a 
tubular density (Fig. 7). Its medial part is seen as an oval or 
tubular density. The other tributaries of the common basal 
vein (V7, V°, V°, and V"°) can be identified, except for V” 
because of its small size. Vê, V°, and V"? are round or oval 
densities; V° and V? lie medial and behind B® and B®, and V'° 
lies anterior to B'° (Fig. 8). 

Some variations in the basal segments of the right lower 
lobe were found by comparison with the prevailing patterns 
as diagrammed in Figs. 1B-1D and as listed below. 

The variations in level B were two bronchi, B’ and B®*°*'°: 
two arteries, A’ and A®*°*'°: and one vein, Vê. All of these 
structures were seen in 73% of cases. When they were not 


AJR:147, September 1986 








all observed, either V was missing (11%) or B’-A’ were 
missing (11%). In 5% of cases, we did not have scans at this 
level. 

In level C, these variations were found: three bronchi, B’, 
B®, B’*'°: their respective arteries; and the common basal 
vein. All of these structures were identified in 75% of our 
cases. The only structure that was commonly not identified 
was the common basal vein (22%). Scans at this level were 
lacking in 3% of cases. 

The variations at level D were two bronchi, B? and B"°: two 
arteries, A? and A"°; and three veins, V®, V°, and V"°. All of 
these structures were seen in 66% of cases. V? was lacking 
in 4%; B® and A® in 13%; V°, B®, and A? were lacking in 7%. 
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Fig. 6.—Variations in basal segment arteries of right lower lobe. Bronchi 
and arteries are represented as rounded structures as they are encountered 
on CT slices. Prevailing arterial pattern in each basal segment is a single 
segmental artery lying peripheral to its bronchus. Variations are seen as two 
or even three arteries lying in a half-ring anteriorly, laterally, or posteriorly to 
their respective bronchi. 


We consider the most constant structures at this level to be 
V°, V°, and B'°-A"°. We recognized two separate A’ in 10% 
of cases. 


Left Lower Lobe 


We examined the left bronchovascular structures using 
three levels, A-C, as diagrammed in Figure 2. 

Apical or superior segment (S). The bronchovascular 
structures for this segment were studied at level A. At this 
level, the anterior bronchovascular structures to the lingula 
are analogous to the middle-lobe structures on the right side. 
All of the structures for S° and the lingula, S* and S°, were 
identified in 62% of cases. Lingular structures were not 
identified in 19%, and Sê was missing in 8%. This scan level 
was lacking in 11% of cases. 

Basal segments. The basal bronchovascular structures 
were examined at two levels, B and C (Fig. 2). Variations 
from the following prevailing patterns were noted. 

The variations in level B were a medial structure, the left 
inferior pulmonary vein; two bronchi, B’*® and B’*'®; two 
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arteries, A’*® and A°%*'®; and one vein, V°. All of these 
structures were recognized in 72% of cases. In 18% of cases 
some structures were not recognized but there was no pre- 
vailing pattern. No scans were available at this level in 10%. 

The variations in level C were three bronchi, B®, B®, and 
B'°: three arteries, A®, A®, and A’; three veins, V°, V°, and 
V°. All of these structures were identified in 58% of cases. 
V8 was lacking in 1%, B’*® and A’*® in 6%. B® and B"? 
together with their respective arteries were lacking in 2%. A'° 
was represented by two or three separate arteries in 8%. In 
a large number of scans, 33%, this level was not satisfactorily 
imaged because of artifacts from cardiac motion. 


Further Considerations 


The segmental vessels are arranged in typical positions 
around the bronchi. The arteries always lie peripheral to their 
respective bronchi whether this be anterior, lateral, or poste- 
rior. The pulmonary veins have intersegmental locations and 
are not closely related to the bronchi. They usually lie at some 
distance medially from the bronchi in anterior or posterior 
relationship to them. Subsegmental structures are not usually 
identified except in the apical (Sê) and the paracardiac (S’) 
segments. The two lower lobes are mirror images of each 
other. Description of the right lower lobe will suffice for both 
except for a few peculiarities of the left side which will be 
described in a following section. 


Right and Left Lobes 


The apical or superior segment (S°). In most cases, B° 
and Aê arise as single stems from the lower-lobe bronchus 
and descending artery. In their transverse orientation, they 
are seen as tubular structures, often at the same level as 
B**® (Fig. 3). Aê accompanies B®, lying superiorly, and then 
bifurcates, reproducing the bronchial pattern. Occasionally B® 
and Aê arise as two separate bronchi or arteries; thus it might 
be difficult to differentiate one of B® subsegmental bronchi 
from B* (subsuperior bronchus) on a CT slice [1]. 

The inferior pulmonary vein has two main tributaries, V° 
and the common basal vein. In its intersegmental course, V° 
is seen as tubular opacity inferior to B® and in its medial part 
is seen as an oval density posteromedial to the common basal 
bronchus (Fig. 7). Several contiguous slices are often neces- 
sary to identify V° entirely, but occasionally its complete 
course is seen on a single slice (Fig. 7B). Analysis of S° 
bronchovascular structures requires awareness of a variation 
of right upper-lobe venous drainage in which the vein from 
the posterior segment (V°) passes in close contact with the 
posterior wall of the bronchus intermedius [2]. This explains 
a normal nodular density behind the bronchus intermedius, 
which must not be confused with a posterior hilar node [7]. 
We encountered 10 such cases of this V? pathway in which 
a vein from the upper lobe drains into the right inferior 
pulmonary vein as reported by Boyden [2] (Fig. 9). 

Right paracardiac segment (S’). Boyden described four 
anatomic variations of B’ [2]. Types | and II are differentiated 
by absence of a stem B” in type Il, in which B” bifurcates 
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9 ~ 
Fig. 8.—Tributaries of right lower- D- 
lobe common basal vein. At this distal 10 
level veins are typically situated central V 
to their bronchi; V? is posterior to B®, v9 
V? is medial to B®, and V” is anterior to 


BY. Blo 


almost immediately after its origin. Types | and II are the most 
common patterns and are recognized by CT with the subseg- 
mental bronchi, B’a and B’b, one lying lateral and one medial, 
or one anterior and one posterior (Fig. 5). Type III of Boyden 
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Fig. 7.—Venous drainage of righ: lower-lobe 
superior segment. A, Superior segmental vein (V°) 
in its medial position lies posteriorly to common 
basal bronchus (CBB). B, Superior vein (V°) is ori- 
ented parallel to plane of CT slice and is sectioned 
in its complete intersegmental course. DA, de- 
scending artery; SPV, superior pulmonary vein; 
LLB, lower-lobe bronchus. 


is also recognized by CT with B’a anterior to B’b, the two 
separated by the right inferior pulmonary vein. B’ may also 
be lacking in as many as 17% of subjects, in which case its 
subsegmental bronchi arise from B® and B"° [2]. 

A’ and its subsegmental arteries are usually located anter- 
Olaterally to their respective bronchi. Occasionally, however, 
arteries of S’ lie behind bronchi. In 4% of anatomic specimens, 
before reaching its usual lateral position to B’, A’ has a 
pathway behind the common basal bronchus. In Boyden type- 
lll segments, the anterior subsegmental artery (A’a) is in an 
anterolateral position, whereas the medial subsegmental ar- 
tery (A’b) is posterior to B” and the common basal bronchus. 
Thus, whereas the vascular structures behind the common 
basal bronchus are usually venous, V°, they may be arterial, 
relating to A’. 

Basal segments. B®, B®’, and B"° do not arise at the same 
level; often there is a common trunk (named B°**° for B° and 
B'° (Fig. 10). These three bronchi are remarkably constant in 
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Fig. 9.—Variation in right upper-lobe venous 
drainage. A, CT slice of upper-right hilum shows 
unusual density in contact with posterior wall of 
bronchus intermedius (Bl) caused by vein of pos- 
terior segment of right upper lobe (V°). SPV, supe- 
rior pulmonary vein. B, 1 cm lower, V? passes 
medially to B® and to the bronchus intermedius (BI). 
DA, descending artery. C, 1 cm lower, V? enters 
right inferior pulmonary veim (RIPV), which lies me- 
dial to common basal bronehus (CBB). 
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pattern, B? often being somewhat smaller. According to Boy- 
den [2], B? is often considered a subsegmental bronchus 
rather than an independent bronchus. Moreover, it may be 
absent in 8% of specimens thus explaining its nonidentifica- 
tion on CT. 

Arterial variations in number and topography explain the 
possibility of several normal vascular shadows around B8, B®, 
and B"’. On CT, these arteries lie in a half-ring laterally around 
B® and B® and in a half-ring posteriorly around B” (Fig. 6). 

The veins of the lower lobe give rise to the inferior pulmo- 
nary vein with two main tributaries, V° draining the superior 
segment and the common basal vein draining the basal seg- 
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ments. The basal-segment veins lie mostly central to the 
bronchi, V° and V? are behind B® and B°, respectively, and 
V" is anterior to B" (Fig. 11). 


Left Side Peculiarities 


Because the left lower-lobe bronchus is shorter than the 
right, the left-segmental bronchi originate at a slightly higher 
level than those on the right. This explains the differences 
between the two sides on the same CT slice. A similar 
bronchial pattern is observed between the two lungs, except 
that the most anterior bronchus on the left side is not B® but 


Fig. 10.—Right paracardiac segment. A, B’ lies 
anteromedially to common basal bronchus (CBB) 
with A’ anteriolaterally. Vê is recognized as vascular 
density posterior and medial to CBB. SPV, superior 
pulmonary vein. B, B’ has bifurcated in B’a and 
B’b: its subsegmental bronchi are poorly seen but 
can be located by their respective arteries, A’a and 
A’b, in anterolateral position. Segmental bronchi 
have a radiate distribution with arteries lying periph- 
eral to bronchi. Posterior bronchus is a common 
trunk for B® and B", with corresponding artery, 
A°+10, Iying posteriorly. A® is anterolateral to B®. 
Common basal vein (CBV) is seen between B’ 
medially and B° and B°+'° laterally. RIPV, right 
inferior pulmonary vein. 
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Fig. 11.—Venous drainage of basel segments of 
right lower lobe. Veins are located medial to their 
respective bronchi. V° and V° lie posteromedial and 
V" lies anteromedial to their bronchial counterparts. 
A? and A"° are peripheral to their respective bronchi. 


Fig. 12.—Left lung, Dasal bronchovascular 
structures at level B. The arteries A’*®, A’, and A’® 
typically lie peripheral to their bronchi (B’*®, B®, and 
B'°). V? lies parallel to plane of CT slice and appears 
as a tubular density. LIPV. left inferior pulmonary 
vein; V°*"°. common trunk for V? and V”. 


B’*® (Fig. 12). B’ is an independent bronchus in only 4% of 
specimens [2-5]. The arteries are arranged similarly; A’*® is 
the most common. 

The common basa! vein on the left, the left inferior pulmo- 
nary vein, also has a peculiarity. It is never identified as a 
single trunk as is its counterpart on the right side. Its tributar- 
ies are recognized, however: V? (as a tubular density lying 
between B’*® and B?) and V? and V'° (which sometimes unite 
as a short trunk) (Fig. 13). 
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Discussion 


This CT analysis of the bronchovascular structures in the 
lower lobes correlates nicely with previously detailed anatomic 
observations by Boyden [2] and others [4-6]. Many of the 
previously reported variations were found in approximately 
the same frequency. Indentification of structures depemded 
heavily on analysis of contiguous slices, which has its limita- 
tions because of inconsistent lung inflation for successive 
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slices, oblique or peripheral sectioning through tubular struc- 
tures, and partial volume effects. Further, the lack of bolus 
contrast injection and dynamic scanning may contribute to 
some imprecision in identification of smaller arteries and veins. 
However, the major prevailing anatomic relationships appear 
to have been documented. 

Awareness of these relationships and their variations is 
important in the study of the central or “medullary” portions 
of the lungs. Although most cancer metastases occur in the 
lung periphery, some are located centrally and need to be 
distinguished from blood vessels, particularly when their di- 
ameters are approximately the same as blood vessels. 

Neoplastic disease may also involve lymph nodes that lie in 
the lung parenchyma in intersegmental sites. Such nodes are 
difficult to recognize even by CT but a more precise under- 
Standing of normal vascular anatomy may occasionally permit 
that. Further, the recognition of aberrant arteries and veins 
will be facilitated by a clear concept of the anatomic system 
of the lower-lobe structures. Our evaluation of segmental 
bronchi and arteries is similar to that reported by Osborne et 
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Fig. 13.—Venous drairage of basal segments of 
left lower lobe. V? runs between B” and B® anteriorly 
and B® posteriorly. V? and /"° unite to form common 
trunk, V°*"°, which entegs left inferior pulmonary 
vein (LIPV). 


al. [1] and adds information about the venous structures for 
which detailed analysis has previously been lacking. 
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Mediastinal Lymph Node 
Detection and Sizing at CT 
and Autopsy 





Although CT has assumed a major role in the preoperative evaluation of the medias- 
tinum in patients with lung carcinoma, there is no consensus as to its accuracy or 
efficacy in this setting. A potential source of CT error is inaccurate detection or sizing 
of lymph nodes in particular mediastinal locations because of inadequate contrast with 
surrounding tissue or partial volume effects. We imaged five cadavers with CT and then 
meticulously dissected the mediastinal nodes. The nodes were measured and catego- 
rized by using the lymph node mapping scheme of the American Thoracic Society. The 
short axis nodal diameter was the best CT predictor of nodal volume. Excellent corre- 
lation was found between CT and autopsy for lymph node detection in right-sided 
mediastinal lymph nodes; poorer CT/autopsy correlation was found for left-sided lymph 
nodes, especially in the lower left peribronchial region. These findings suggest that CT 
may be less accurate in identifying left-sided mediastinal metastases. 


Preoperative evaluation of the mediastinum for lymph node metastasis in patients 
with lung carcinoma is highly important in staging the tumor and in predicting 
surgical resectability. Although CT has assumed a major role in the prethoracotomy 
assessment of the mediastinum, there is no consensus as to the accuracy or 
efficacy of CT in mediastinal node evaluation [1-1 3]. A potential source of error at 
CT is inaccurate sizing of nodes in particular mediastinal locations: certain nodal 
groups may be difficult to evaluate because of inadequate contrast with surrounding 
tissue or partial volume effects. To study this problem, we imaged five cadavers 
by CT and then meticulously dissected the mediastina. Nodes were measured and 
categorized by the lymph-node mapping scheme of the American Thoracic Society 
(ATS) [14]. Our results form the basis of this report. 


Materials and Methods 


CT scanning was performed on five adult cadavers within 48 hr of death. The cause of 
death in all cases was heart disease and/or cerebrovascular accident. Contiguous, 1-cm 
thick, axial CT slices were obtained from the pulmonary apices to the level of the diaphragm 
with a General Electric 8800 or 9800 CT/T scanner (Milwaukee, WI). No iodinated contrast 
material was injected into the vascular system. After CT scanning, the cadavers were 
refrigerated overnight; the next morning the mediastina (including trachea, heart, and esoph- 
agus) were resected en bloc. Two of the specimens were placed in 10% formalin and one in 
100% formalin to await anatomic examination at a more convenient time. Two fresh specimens 
were dissected immediately. Mediastinal dissection (1- to 2-hour procedure) was performed 
by an experienced thoracic surgeon. At dissection, mediastinal lymph nodes were visually 
identified, excised, measured, and mapped at specific anatomic sites according to the ATS 
scheme (Appendix) [14]. The greatest dimension of the resected node was measured and 
designated the “large” axis. Subsequently, the node was bisected in a plane perpendicular to 
the large axis. The maximum and minimum diameters of the cut surface were measured and 
designated “small” axis and “smallest” axis, respectively. 

Mediastinal lymph nodes were identified on the hard-copy CT images (window width = 
500 H, window level = 30 H) as soft-tissue densities at least 2 mm in minimum diameter in 
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characteristic anatomic locations. Maximum and minimum nodal di- 
mensions were measured on the transverse CT images, and these 
were designated as “long” axis and “short” axis measurements, 
respectively. Number and sizes of nodes were recorded according to 
the ATS classification (Appendix) [14]. Areas 9 (pulmonary ligament), 
11 (intrapulmonary nodes), and X (supraclavicular nodes) were not 
included in the study. 

Because of the difficulty in exactly correlating natural tissue planes 
found at dissection with transverse CT planes, we were unable to 
reliably match individual nodes at CT and dissection. Therefore, all 
the nodes within a defined anatomic location in a single cadaver were 
considered together, and a mean measurement value was obtained. 
Thus, for each defined mediastinal location, minimum, maximum, and 
mean values were calculated for all nodal diameters in the dissected 
specimens and on CT scans. Cross-sectional nodal areas and nodal 
volumes were computed by multiplying the measured diameters 
obtained at CT or dissection, respectively. The various CT and 
autopsy lymph node size parameters were compared by using scatter 
plots, and correlation coefficients were derived. 


Results 


The number of nodes in a single region ranged from zero 
to nine. There was excellent correlation between CT and 
autopsy lymph node number for right-sided nodes in regions 
2R, 4R, and 10R: 43 nodes were identified at CT and at 
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dissection 45 nodes were excised (Table 1). There was good 
correlation between CT/dissection data for number of nodes 
in regions 2L and 4L. However, when the left-sided nodes in 
regions 2L, 4L, 10L, and 5 were considered as a group, CT 
only identified 22 of the 39 excised nodes (Table 1). Location 
10L showed the poorest CT/dissection correlation for number 
of nodes. In the paraesophageal regions (8R, 8L), CT tended 
to overestimate the number of nodes found at dissection. The 
largest nodes were in areas 7 (subcarinal, CT mean short- 
axis diameter 7.3 mm + 2.5 SD) and 5 (aortopulmonary, CT 
mean short-axis diameter 7.0 mm + 2.8) (Table 2). When CT 
nodal size parameters were plotted against dissection size 
parameters, sample correlation coefficients varied from 0.584 
to 0.711, depending on the parameters selected (Table 3). 
The highest correlation coefficient (0.711) was obtained be- 
tween the mean short nodal axis from CT and the mean nodal 
volume at dissection. 


Discussion 


Several potential problems exist in the use of CT for staging 
mediastinal metastases from lung cancer. For instance, CT 
criteria for nodal involvement by tumor rely on nodal size: 
enlarged nodes are suspect for metastatic disease whereas 
normal-sized nodes are considered unlikely to have metastatic 


TABLE 1: Location and Number of Mediastinal Lymph Nodes in 5 Cadavers 
rem nen n,n, Eee 


No. of Cadavers 








Maximum No. 











f , No. Nodes Per 
— ig Ss in Total No. Nodes Cadaver (Mean + SD) ee 
CT Dissection CT Dissection CT Dissection CT Dissection 

2R' 4 4 16 15 Seto 30235 9 9 
2L* 3 3 8 10 1622.1 2.0 25 5 6 
4R 4 4 12 15 24 £23 3035 6 9 
4L 4 4 8 11 tee 131 Be a A 3 5 
5 2 3 2 4 0.4 + 0.6 08+0.8 1 2 
6 2 2 3 4 0.6 + 0.9 068214 2 2 
Ff 5 5 Pg 10 1.4 + 0.6 2010 2 3 
8R 5 2 11 7 2208 14 21:9 3 4 
8L 3 2 7 5 14 = 15 1014 3 3 

10R 4 3 15 15 30 421 3022.8 5 6 

10L 3 3 4 14 0.8 + 0.8 28 £3.6 z 8 


Note.—R = right, L = left. 


TABLE 2: Location and Sizes of Mediastinal Lymph Nodes in 5 Cadavers 
SS SR a SE N ESS ee 











Minimum Nodal Maximum Nodal 
. Diameter, MM Diameter, MM n ela Nodal Volume, MM? 

Region (Mean + SD) (Mean + SD) MM? (Mean + (Mean + SD) 
: - - SD) (CT (Dissection) 

CT Dissection CT Dissection ) (CT) 
2R 49413 55222 S916 115258 eroa IO 455.7 + 3.8 
2L 39+08 40212 5116 -84430 18.6 + 1.6 187.4 + 2.5 
4R 44+16 392.4 STELo 1002756 21.6 = 2.1 132.1273 
4L 41211 45227 55 £22 114234 20.4 + 2.0 Sif0 224 
5 70228 83239 100214 148253 66.8 + 1.8 979.3 + 4.3 
6 6.0210 68+3.6 ist21 110242 42.3+1.6 631.7 = 3.2 
7 129225 8680£24 1.3261 22527.7 66.6 + 2.8 2481.5 + 2.6 
8R S7+14 4422.1 46#£19 9323.5 15.119 211.7 +33 
8L S2408 3014 5022/7 868254 13.6 = 2.2 109.5 + 5.2 
10R 60+20 65+29 8.14254 13.4+ 7.0 43.8+1.9 576.6 + 3.2 
10L 50422 3421.2 ISB2E138 T6235 go.0 = 45 79435 


Note.—R = right, L = left. 
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TABLE 3: Correlation Coefficients for CT and Autopsy Lymph 
Node Size Parameters 








7 Correlation 

CT Parameter Autopsy Parameter Coefficient 
Mean long axis Mean volume 0.584 
Mean long axis Mean large axis 0.608 
Mean area Mean large axis 0.657 
Mean area Mean volume 0.668 
Mean short axis Mean smallest axis 0.688 
Mean short axis Mean volume 0.711 


eee ee ee SSS SS 


deposits. However, node size alone cannot accurately predict 
histology, since enlarged nodes may be benign (generally 
reactive hyperplasia or anthracosis) while normal-sized nodes 
may occasionally contain tumor. Thus, results of CT medias- 
tinal staging will differ among patient populations if there is 
variability in the frequency of occurrence of enlarged, benign 
nodes or of normal-sized nodes that contain tumor. 
Published data about the accuracy of CT in sizing medias- 
tinal lymph nodes, particularly as a function of location, are 
limited. Genereux and Howie [15] indirectly addressed this 
issue by evaluating chest CT scans of 39 normal patients and 
by comparing these findings with dissection of 12 cadaver 
mediastina. Cadaver CT scans were not obtained. These 
authors divided the mediastinum into four nodal zones; they 
counted lymph nodes on axial CT images and measured 
greatest nodal diameter. At autopsy, a single node (the largest 
identified) was selected in each subject from each zone. The 
largest nodes at CT were in zones 3 (precarinal/subcarinal) 
and 4 (aortopulmomary); autopsy revealed the largest nodes 
in zones 2 (pretracheal) and 3. The greatest average number 
of nodes at CT was found in zone 1 (retroinnominate space). 
The five cadavers in our investigation showed an average 
of 18.6 lymph nodes per mediastinum on CT and 22 on 
dissection, with maximums of 29 and 35, respectively. Five 
cadavers analyzed by Beck and Beattie [16] revealed an 
average of 64 lymph nodes per mediastinum, most of which 
were associated with the trachea and mainstem bronchi. This 
discrepancy in total lymph node number is probably due to 
differences in specimen-preparation technique. Beck and 
Beattie [16] employed extensive rinsing, fixing, and clearing 
of the specimens, which made the opaque lymph nodes stand 
out against the remaining translucent mediastinal tissues. In 
our study the mediastina were either dissected without tissue 
preparation or after simple tissue fixation with formalin; small 
lymph nodes were probably overlooked with our technique. 
Our results show that the right-sided mediastinal regions 
(2R, 4R, 10R), which commonly harbor nodal metastases 
from lung cancers, are evaluated effectively by CT. In these 
regions CT identified 43 nodes, whereas 45 were excised at 
mediastinal dissection. This excellent correlation is not sur- 
prising since abundant mediastinal fat in these regions pro- 
vides good contrast with the soft-tissue density of the lymph 
nodes. In contradistinction, the left-sided regions commonly 
involved im metastatic spread of lung cancer (2L, 4L, 10L, and 
5) are evaluated more poorly by CT: only 22 of 39 nodes 
resected at mediastinal dissection were identified by CT. The 
poorest correlation was in region 10L where CT detected 
only four of 14 nodes. Region 10L is short in craniocaudad 
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dimension, and our data may reflect misassignment of left- 
sided nodes from this region to contiguous regions, particu- 
larly 4L or 5. The poor CT/dissection correlation in regions 
10L and 5 may also be due to the paucity of fat in these 
regions, as well as partial volume effects from contiguous 
vascular structures. Similarly, limitations in node evaluation in 
region 7 include lack of abundant mediastinal fat and partial 
volume effects with the cranial aspect of the left atrium. 
However, we did obtain fair accuracy (7/10) using CT to 
identify subcarinal nodes. Correlation was better in regions 
2L and 4L, probably because of adequate mediastinal fat in 
these locations. Nevertheless, these data show that left-sided 
nodes near the left lymphatic sump [17, 18) are poorly eval- 
uated by CT. Our results are similar to those of Genereux 
and Howie [15] who observed an absence of lymph nodes at 
CT in the subcarinal (corresponding to ATS regions 7 and 
10L) and aortopulmonary window areas (corresponding to 
ATS regions 5 and 4L) in 36% and 39% of patients, respec- 
tively, although all 12 of their cadavers had nodes in these 
two areas. 

We found that the best correlation between CT and autopsy 
measures of node size related the short axis diameter on CT 
to the node volume by dissection. This is consistent with our 
previously published conclusion that the short axis diameter 
on CT is generally a more accurate indicator of nodal size 
than the long axis diameter, since the former measurement 
is less dependent on the spatial orientation of the node [19]. 

In agreement with our earlier study [19], the largest nodes 
were found in region 7 (Subcarinal), although the previous 
mean short axis measurement of 6.2 mm + 2.2 is somewhat 
smaller than the current figure (7.3 mm + 2.5). This difference 
is most likely due to the small number of samples in this 
investigation. 

We previously suggested normal-size thresholds for nodes 
in each defined mediastinal location [19]; only two of 88 lymph 
nodes seen on CT in this study were abnormally large ac- 
cording to these criteria. There was an 8 x 9 mm node in 
region 2R (right upper paratracheal) and an 8 x 8 mm node 
in region 10L (left peribronchial); our suggested upper normal- 
size limit was 7 mm in short axis for each of these areas. 

Several limitations of the present study may have affected 
recognition and measurement of nodes on cadaver CT scans. 
Lack of vascular opacification may have led to difficulty in 
differentiating vascular structures from lymph nodes, for in- 
stance in the region of the truncus anterior of the right 
pulmonary artery or at the superior aspect of the unenhanced 
left atrium. Also, the collapsed, unopacified esophagus may 
be hard to distinguish from contiguous paraesophageal or 
subcarinal nodes. Fluid in the tracheobronchial tree, pleural 
effusion, or pulmonary edema can result in poorer depiction 
of adjacent mediastinal nodes, because of the relative de- 
crease in density difference between fluid and soft tissue, as 
compared to air and soft tissue. On the other hand, CT 
overestimation of lymph node number may occur whenever 
a node is longer than 1 cm in the craniocaudad dimension 
and thus appears on more than one transverse CT section. 
Finally, since axially oriented CT planes can be difficult to 
correlate with natural tissue planes found at dissection, we 
did not have perfect correspondence between individual 
lymph node mapping at CT and autopsy. 
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Although we found fewer nodes per cadaver than did Beck 
and Beattie [16], our mediastinal dissections were much more 
meticulous and time consuming than could be performed in 
vivo at thoracotomy. Thus, tiny lymph nodes not detected by 
our technique would almost certainly be overlooked at surgery 
and hence would likely have little surgical relevance. 

In conclusion, data from the current study are in agreement 
with the normal size criteria that we previously reported for 
mediastinal nodes at CT [19]. Our data further support the 
use of short axis measurement of mediastinal lymph nodes, 
because short axis nodal diameter was the best CT predictor 
of nodal volume at dissection. There was excellent correlation 
between CT and autopsy for lymph node detection in right- 
sided mediastinal lymph nodes; these nodes constitute the 
major areas of lymphatic drainage for right lung tumors and 
also are later sites of metastases for left lung cancer [17, 
18]. Poorer CT/autopsy correlation was found for left-sided 
mediastinal lymph nodes, particulary in the lower left peri- 
bronchial and paratracheal region. Although these data relate 
to normal-sized nodes, we suspect that CT would also be 
relatively inaccurate in evaluating mildly enlarged nodes in 
these latter areas. This may be important when CT is used 
to assess left lung carcinomas, which tend to metastasize 
first to ipsilateral or subcarinal mediastinal nodes [17, 18]. In 
light of these observations, we believe that the accuracy of 
CT in staging mediastinal metastases from right versus left 
lung carcinomas needs to be further assessed. 
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Appendix 


American Thoracic Society Definitions of Regional Nodal 
Stations 


X Supraclavicular nodes 
2R Right upper paratracheal nodes: nodes to the right of the midline 
of the trachea, between the intersection of the caudal margin of 
the innominate artery with the trachea and the apex of the lung 
2L Left upper paratracheal node: nodes to the left of the midline of 
the trachea, between the top of the aortic arch and the apex of 
the lung 
4R Right lower paratracheal nodes: nodes to the right of the midline 
of the trachea, between the cephalic border of the azygos vein 
and the intersection of the caudal margin of the brachiocephalic 
artery with the right side of the trachea 
4L Left lower paratracheal nodes: nodes to the left of the midline 
of the trachea, between the top of the aortic arch and the level 
of the carina, medial to the ligamentum arteriosum 
5 Aortopulmonary nodes: subaortic and paraaortic nodes, lateral 
to the ligamentum arteriosum or the aorta or left pulmonary 
artery, proximal to the first branch of the left pulmonary artery 
6 Anterior mediastinal nodes: nodes anterior to the ascending 
aorta or the innominate artery 
7 Subcarinal nodes: nodes arising caudal to the carina of the 
trachea but not associated with the lower-lobe bronchi or arter- 
ies within the lung 
8 Paraesophageal nodes: nodes dorsal to the posterior wall of the 
trachea and to the right or left of the midline of the esophagus 
9 Right or left pulmonary ligament nodes: nodes within the right 
or left pulmonary ligament 
10R Right tracheobronchial nodes: nodes to the right of the midline 
of the trachea, from the level of the cephalic border of the 
azygos vein to the origin of the right-upper-lobe bronchus 
10L Left peribronchial nodes: nodes to the left of the midline of the 
trachea, between the carina and the left-upper-lobe bronchus, 
medial to the ligamentum arteriosum 
11 Intrapulmonary nodes: nodes removed in the right- or left-lung 
specimen, plus those distal to the main-stem bronchi or second- 
ary Carina 
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Radiologic Contributions to Cancer 





Management 





Lung Metastases 


Choice of Imaging Technique 


Several imaging techniques are available for assessing lung 
metastases, and it is important to choose the technique or 
sequence of techniques that will shed the most light on an 
individual clinical problem. The evaluation and follow-up of 
pulmonary metastases are best accomplished with conven- 
tional (high-kilovoltage) frontal and lateral radiographs [1]. 
When the findings on plain radiographs are equivocal or 
negative with tumors that tend to metastasize to the lungs, 
such as locally advanced melanomas or soft-tissue sarcomas, 
conventional lung tomography or CT may prove helpful. Plain 
radiography is less sensitive for detecting lung metastases 
(30%) than conventional tomography (54%), and it is much 
less sensitive than CT (78%) [1]. Conventional tomography 
can detect metastases in 3 to 24% of all cancer patients after 
they have had negative radiographic studies of the chest [2- 
4]. On the other hand, “routine” chest tomography will never 
justify its cost if it is used indiscriminately in all patients with 
cancer [5, 6]. 

CT has become the most definitive technique for detecting 
small lung metastases and for evaluating the mediastinum. It 
can detect smaller tumor deposits and will therefore visualize 
a larger proportion of lung metastases than conventional 
tomography [1, 7]. However, in geographic regions where 
granulomatous lung disease (e.g., histoplasmosis) is more 
common, a substantial number of the lung nodules detected 
with CT will prove to be residua of past infection [1]. CT may 
help to detect benign calcifications in some of these nodules 
[8]. 

For practical purposes, the use of radionuclide scans to 
detect lung metastases is limited to cancers of the thyroid 


(using I'*') [9-11] and occasionally to osteosarcomas (using 
Tc®" diphosphonate). Rarely, gallium scans may also prove 
useful for detecting metastases within the lungs (and the 
mediastinum), if the primary tumor has already been demon- 
strated to be scan-positive [12]. 


Radiologic Findings 


In patients with a newly discovered solitary lung nodule 
that is suspected of being a metastasis, a radiologically 
directed needle biopsy may be the most efficient means to 
achieve an early diagnosis [13, 14]. When solitary adenocar- 
cinomatous lung nodules have been diagnosed by biopsy in 
the absence of a known primary tumor elsewhere, nine out 
of 10 will turn out to be primary tumors of the lung. However, 
one out of 10 will prove to be metastases from the gastroin- 
testinal tract, kidney, or pancreas [15-17]. 

Of 955 resected “coin lesions” that were detected on 
radiographs in a large clinical series, 51% were found to be 
benign and 39% were primary lung cancers, while 10% 
proved to be metastases [18]. In general, a new lung nodule 
should be considered likely to be a metastasis when a malig- 
nancy has already been diagnosed at another site in the body 
and when the primary tumor was associated with regional 
adenopathy; this is particularly true when the original primary 
tumor has recurred and/or a new lung lesion has appeared 
within 12 months of the initial diagnosis and treatment. How- 
ever, if the primary tumor was not accompanied by metastatic 
adenopathy and was successfully treated, and if the recur- 
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rence-free interval exceeds 36 months, a new primary tumor 
or a benign lesion in the lung may be just as likely as (or more 
likely than) a lung metastasis. Again, benign lung nodules are 
frequently encountered in regions of the country where his- 
toplasmosis is endemic, and these nodules are sometimes 
accompanied by hilar-mediastinal adenopathy. 

In evaluating a solitary lung nodule, the most important 
step is to obtain the original radiographs for comparison 
purposes. If there has been no change in the size of the 
nodule over a period of 2 years, then it is usually benign 
[19]. There are many metastatic “look-alikes” in the lung that 
can only be diagnosed by surgical removal, especially after 
an inconclusive or “negative” needle biopsy has been per- 
formed [20]. For example, sarcoid or silicosis can coexist with 
cancer and can produce hilar-mediastinal adenopathy as well 
as a radiographic picture that simulates nodular metastases 
or lymphangitic tumor spread in the lung. Infectious granu- 
lomas or parasitic lung diseases can also coexist with cancer, 
and of course asbestosis may predispose to cancer involving 
the lungs or pleural spaces. Benign lung nodules can be 
observed even in children and may masquerade as metas- 
tases [21]. Lung infections or infiltrates associated with the 
use of bleomycin or other drugs (e.g., nitrofurantoin and 
amiodarone) can also simulate metastatic micronodular or 
lymphangitic disease [22]. In cancer patients who are granu- 
locytopenic or who are taking high doses of steroids, a 
superinfection may be the most likely diagnosis when an 
acute lung infiltrate appears. 

Cavity formation in a nodule or infiltrate is frequently ob- 
served in primary lung cancers of the squamous-cell type, but 
it can also occur in squamous carcinoma metastases from 
tumors originating outside the chest, especially from the 
cervix or upper aerodigestive tract. Choriocarcinomas and 
lymphomas within the lung may also cavitate occasionally. 
With a cavitating lung lesion, a needle biopsy may yield only 
inflammatory or necrotic lung tissue, and conscientious (and 
sometimes repeated) attempts must be made to biopsy the 
growing tumor margins in these lesions. 

Endobronchial metastases that are accompanied by distal 
atelectasis (simulating a primary bronchial carcinoma) are 
rare, but they occur occasionally with metastatic renal carci- 
noma or melanoma [23, 24]. Direct lymphangitic extension of 
Hodgkin's disease into the lung (“E” extension) from enlarged 
hilar nodes should be searched for, but it does not carry as 
grave a prognosis as hematogenous lung metastases (stage 
IV disease) [25]. 

A pleural effusion on radiographs may signify widespread 
metastatic disease and often occurs in association with a 
relapse of cancer after all effective treatments have been 
used. Most patients with malignant effusions have a median 
survival of about 6 months. If a pleural effusion is also 
associated with a malignant pericardial effusion, the median 
Survival is reduced to about 3 months. However, when malig- 
nant effusions are the first manifestations of relapse in pa- 
tients who have breast cancer, ovarian cancer, or lymphoma, 
survivals may be much longer than those quoted above. Also, 
nonmalignant pleural effusions can occur in patients with 
cancer, including effusions that are caused by infection, 
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congestive heart failure, pulmonary infarction, or central lym- 
phovenous obstruction in conjunction with hilar or mediastinal 
adenopathy. 


Staging and Treatment of Lung Metastases 


Little information has been published on the best method 
of staging the severity of metastatic disease within the chest 
for the purpose of determining prognosis and therapy [26- 
28]. Einhorn [29] has proposed a useful staging system for 
cancer of the testis that has metastasized to the lungs. In his 
system, lung metastases are considered “advanced” when 
they are greater than 2 cm in diameter and/or when there are 
more than five metastases per lung. Testicular cancer patients 
with “advanced” lung metastases have half the survival rate 
of patients with “minimal” pulmonary metastases, who now 
have a survival rate of nearly 100% with multiagent chemo- 
therapy. Residual metastatic nodules from the testis should 
still be considered for resection once shrinkage has occurred 
and the serum tumor markers have returned to normal follow- 
ing multiagent chemotherapy. At thoracotomy, most of these 
patients will be found to have teratoma or other benign tissue 
in the residual lung nodules and will ultimately be cured. 
However, it is still important to remove residual teratomatous 
tissue in previously treated metastatic lesions of the lung or 
the mediastinum, since a teratoma can sometimes grow and 
even kill the patient if it is in a critical location [30-33]. Lung 
nodules may also persist in women with successfully treated 
choriocarcinoma, even in the face of normal beta human 
chorionic gonadotrophin titers; the nodules may represent 
slowly resolving hemorrhages within metastases or tumor 
necrosis and fibrosis [34]. 

Patients with an interval of 12 months or more between the 
diagnosis of their primary tumor and the occurrence of lung 
metastases are reported to have longer survival times than 
those with early lung recurrences [35-37], but this concept 
has been challenged elsewhere [37-39]. Lung metastases 
with doubling times greater than 40 days are potentially 
resectable and are said to be associated with possible long- 
term survival when the primary tumor site has been controlled 
[40]. However, the tendency to link tumor daubling times with 
the patient's prognosis and the need for surgical removal of 
lung metastases has recently been challenged [37]. Certain 
functioning lung metastases (e.g., from a parathyroid carci- 
noma or an adrenocortical carcinoma) or metastases causing 
bronchial obstruction or gross bleeding may need to be 
considered for resection simply as a palliative measure [41, 
42]. 

Many lung metastases are subpleural in location and can 
be easily removed with limited wedge resections. However, a 
slowly growing deep intralobar metastasis or a central metas- 
tasis near an interlobar fissure may require a lobectomy or 
even a pneumonectomy. Bilateral pulmonary wedge resec- 
tions for subpleural metastases (“metastasectomies”) can 
sometimes be accomplished in one operation using a ster- 
notomy incision. In these cases it is particularly important for 
the surgeon to be well informed about the presence of pos- 
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terior subpleural nodules, since these lesions may be difficult 
to reach using a standard sternotomy approach. While me- 
diastinal nodes or metastases involving the chest wall, cardiac 
atria, pericardium, phrenic nerve, or diaphragm can some- 
times be excised at thoracotomy and malignant pleural effu- 
sions evacuated, residual tumor will invariably be left behind 
in these patients. 

Patients who are being considered for pulmonary metas- 
tasectomies and attempted cure must always be carefully 
selected. In particular, there should be no evidence of viable 
extrathoracic tumor or other (nonpulmonary) intrathoracic 
disease. Not only should tumor doubling times in the lung be 
greater than 40 days, but the pulmonary metastases should 
be small and relatively few in number. Even with these restric- 
tions, many oncologists still question the impact of metasta- 
sectomies on long-term patient survival [43-45]. They point 
out that some patients with osteosarcoma can live for 5 years 
or more, even with pulmonary metastases [44]. In any event, 
most investigators will agree that the number of patients who 
could benefit from pulmonary metastasectomies is small when 
compared with the total number of patients who have lung 
metastases. One problem in interpreting the results in the 
literature is that the definition of “cure” varies widely. For 
instance, in the case of Wilms’ tumor, a patient is considered 
cured when there is no evidence of disease 30 months after 
a thoracotomy for the removal of lung metastases; in certain 
other childhood tumors, a cure is probable only after 6 or 
more years without evidence of disease [46]. Many published 
articles on the surgical removal of lung metastases have given 
only 5-year survival figures, without considering the natural 
history of individual tumors and without providing standard 
error estimates [47, 48]. 


Conclusion 


No prescriptive or “decision-tree” approach for the use of 
diagnostic imaging in lung metastases is universally applica- 
ble, and thus the sequence of diagnostic studies must be 
individualized for each patient. However, certain general prin- 
ciples should be followed. The presence, the size, number, 
and locations of metastases, the primary cancer site, the 
biologic behavior of the individual tumor, the therapeutic 
methods currently available, and patient preference must all 
influence a final determination of prognosis and clinical man- 
agement. The radiologist can contribute much to this deter- 
mination and should be well aware of the clinical considera- 
tions that depend on proper recognition and surveillance of 
lung metastases. 
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Case Report 





Calcified Ascending Aorta After Radiation Therapy 


Craig Coblentz,’ Leo Martin,? and Robert Tuttle? 


Causes of a calcified ascending aorta include atheroscle- 
rosis and syphilitic or Takayasu’s aortitis. We describe a case 
in which a calcified ascending aorta followed mediastinal 
radiation. Toour knowledge, this is the first report of such an 
occurrence. 


Case Report 


A 33-year-old man presented with a history of progressive chest 
pain over several years. This pain was associated with exercise and 
described as a tightness radiating down both arms. Cardiac risk 
factors included smoking five cigars per day, mild obesity, and a 
maternal grandmother with angina. Serum cholesterol was mildly 
elevated at 5.87 mmol/l (normal <5.82). On physical examination, the 
patient was normotensive. There was a grade % peaking ejection 
systolic murmur maximal at the apex radiating into the neck. The 
pulses of his right arm were absent. An ECG suggested an old 
inferior-wall infarct. 

A chest radiograph demonstrated a prominent ascending aorta 
with a thin curvilinear calcification involving the ascending aorta and 
the arch. CT confirmed the plain radiographic findings (Fig. 1). Fluo- 
roscopy revealed calcification of the aortic valve. Previous radi- 
ographs were unavailable. 

A subsequent cardiac catheterization demonstrated a bicuspid 
aortic valve with mild aortic stenosis and insufficiency, and a dilated 
hypokinetic left ventricle with akinesis of the inferoapical segment. 
The right subclavian artery was occluded. The left main coronary 
artery showed 50% narrowing, a narrowed circumflex, and occlusion 
of the left anterior descending artery after the first perforator branch. 
The right coronary artery had a 95% stenosis at its origin. 

Twenty-two years earlier, at age 11, the patient had received 
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mediastinal radiotherapy for Hodgkin's lymphoma: he required further 
radiation for recurrence at age 15. The precise radiation dose and 
ports are unknown. 


Discussion 


Damage by ionizing radiation to arteries, which has been 
described well [1-7], may lead to premature arteriosclerosis 
indistinguishable from that occurring naturally, although the 
means by which this process occurs is not clear. Perhaps 
irradiation selectively injures the internal elastic membrane 
and leads to internal fibrosis and plaque formation [8]. Irradia- 
tion and hypercholesterolemia act synergistically to produce 
arteriosclerotic disease far more severe than either alone [9]. 

In 1957, Pearson first described coronary artery disease 
that occurred after thoracic radiotherapy [3]; Annest et al. [5] 
suggest that mediastinal irradiation be added to the list of 
coronary risk factors described by the Framingham study 
[10]. Other complications of irradiation-induced arteriosclero- 
sis include “pulseless disease” [4] and aneurysm [11]. These 
have been described experimentally and in patients who 
received 1500-5000 rad for a variety of malignancies, includ- 
ing malignant thymoma, Hodgkin's lymphoma, breast carci- 
noma, and thyroid disease [2, 5, 11]. 

In our case, the patient received mediastinal radiation for 
Hodgkin's disease as a child. Although he developed severe 
coronary artery disease at 33, he would have been at low risk 
for it except for his irradiation. 

An unusual feature in this case was the plain radiographic 
finding of a calcified ascending aorta. Calcification of the aorta 
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may be of two types [12]. Dystrophic calcification is fine, 
sharp, and pencil-like in outline, representing calcium depo- 
sition as a sequela of a scarred intima or media from aortitis. 
Degenerative atherosclerotic calcification is heavy, rough, and 
irregular. If seen in a previously inflamed aorta, it implies 
secondary atherosclerosis and may obscure the underlying 
Cause. 

Although aortic calcification theoretically occurs from aor- 
titis of any cause [8], to our Knowledge this is the first report 
of aortic calcification after radiation aortitis. In this case, it is 
reminiscent of the calcification after syphilitic aortitis. Indeed, 
all of the cardiovascular features of this case could be ex- 
plained by tertiary syphilis. Serology for Treponema pallidum 
was negative, however. 

It is possible that the calcification was not secondary to 
radiation. One wonders why the entire aorta within the treat- 
ment field was not involved. The radiation portals almost 
certainly included both sides of the mediastinum. The pos- 
terior arch is farther away from the skin than the ascending 
aorta, but the difference in dosage is not likely to be signifi- 
cant. 

We can expect to see more survivors of Hodgkin’s lym- 
phoma who have received mediastinal irradiation. These pa- 
tients are at increased risk for developing coronary artery 
disease [5]. 

This patient may have had calcification of the ascending 
aorta before he developed symptomatic coronary artery dis- 
ease. Although unusual, identification of calcification in other 
asymptomatic patients as a sign of premature arteriosclerosis 
may prompt a search for underlying coronary artery disease 
when earlier intervention may help [5]. 
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Fig. 1.—A, Posteroanterior chest radiograph shows thin 
linear calcification of ascending aorta tarrows). B, CT scan with 
contrast material at level of pulmonary artery confirms calcifi- 
cation and shows minimal dilatation of ascending aorta (ar- 
rows). 
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Real-Time Breast 
Sonography: Application in 300 
Consecutive Patients 





Sonography, disappointing as a primary screening method, has emerged as the single 
most helpful adjunct to mammography in evaluation of the clinically and/or mammo- 
graphically abnormal breast. Sonography can reliably diagnose simple cysts presenting 
as palpable masses or as indeterminate, nonpalpable lesions on mammography. How- 
ever, differentiation of benign from malignant solid masses cannot be reliably accom- 
plished by sonography. The expense of an automated breast sonographic scanner has 
deterred many radiologists from the purchase of such a unit. The authors have used 
both an automated breast scanner and a real-time 10-MHz hand-held unit. This paper 
describes their experience with the real-time unit, demonstrating both normal and 
pathologic anatomy. Special emphasis has been placed on the sonographic diagnosis 
of a simple cyst because this lesion was the cause of one-quarter of all palpable masses 
and nonpalpable, mammographically dominant masses. Cysts are sharply marginated 
and anechoic. Posterior enhancement visible in 78 of 80 cysts was not demonstrable on 
all images in 25% of cysts. 


The search for a breast cancer screening technique that avoids the potential 
hazards of ionizing radiation led to the production and evaluation of dedicated 
whole-breast sonographic scanners. Large clinical trials performed during the first 
half of the 1980s have been disappointing [1-4]. Sonography, while capable of 
imaging and categorizing most palpable breast masses, often failed to detect small, 
nonpalpable cancers [4]. Sonography could not reliably distinguish benign from 
malignant solid lesions, nor detect cancers smaller than 5 mm within normal breast 
tissue. Although large, benign calcification produced shadowing, microcalcifica- 
tions, which often are the sole indicator of breast cancer, remain largely undetect- 
able [4]. 

Sonography, although it fails as a screening method, has emerged as the single 
most helpful adjunct to mammography in evaluation of the clinically or mammo- 
graphically abnormal breast. In experienced hands, sonography distinguishes sim- 
ple cysts with 100% accuracy and is sufficient to establish the diagnosis of a simple 
cyst [3]. Breast sonography therefore performs a task beyond the capability of 
physical examination and mammography, a task of great importance because cysts 
are frequently the cause of a breast lump. Cysts, fibroadenomas, and carcinomas 
are the most common masses in the female breast [5], and accurate separation of 
cysts from other breast lesions is of great clinical importance. 


Materials and Methods 


During the past 2 years we have performed over 500 selected breast examinations using 
a Picker Micro-View real-time unit with a 10-MHz linear-array transducer. Statistical analysis 
of 300 consecutive examinations showed that 12% were performed for evaluation of a 
mammographically visible, nonpalpable mass and 88% for a clinically palpable mass. 

In addition, a retrospective study of 80 simple cysts was undertaken to determine the 
sonographic characteristics of a simple cyst when imaged with a 10-MHz transducer. 
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In our practice, the decision to perform breast sonography is made 
by the mammographer after breast examination and review of pre- 
vious mammograms and Clinical data. We charge only a nominal fee 
($30) for the sonographic examination, and then inform women of 
our findings at the end of their visit. Breast sonography is performed 
by a technologist while the mammographer immobilizes the breast 
mass between his fingers and observes all real-time images. Hard 
copies of selected images are made for documentation. 

Supine patient position is optimal for most patients. A large breast 
with a laterally located mass is best examined with the patient turned 
slightly to the contralateral side thereby evenly draping the breast 
tissue over the chest wall. Flattening of the breast ensures complete 
penetration of breast parenchyma with the 10-MHz transducer, and 
visualization of the pectoralis muscle or its dense fascial plane guar- 
antees that an adequate depth of breast tissue has been examined. 

Warm mineral oil is used as a coupling agent, and a palpable mass 
is positioned between the examiner's fingers. The transducer is then 
applied over both fingers immobilizing the mass, and the examiner's 
hand is slowly withdrawn. We have found this simple procedure very 
helpful to ensure that what is being imaged is indeed the clinical 
mass. All lesions are viewed in transverse and longitudinal planes, 
and great care is taken to image the mass in its entirety. 

The position of a nonpalpable mass is determined from the mam- 
mogram. Usually the mass is localized to a quadrant of the breast, 
and the entire quadrant is examined carefully and methodically with 
some overlap into other quadrants. Lesions that are immediately 
beneath the nipple can be found with slight angulation of the beam. 
Placing the transducer directly over the nipple can produce minimal 
shadowing as can air bubbles trapped between the transducer and 
the patient's skin. 


Results 


Sonography showed that simple cysts were responsible for 
approximately one-fourth of lesions in women with clinically 
palpable masses as well as those women with mammograph- 
ically visible nonpalpable masses. Twenty-eight percent of 
Clinically palpable masses and 19% of mammographically 
visible, nonpalpable lesions were identified sonographically as 
discrete, solid lesions. In the remaining cases, a sonographi- 
cally discrete abnormality could not be identified. Preoperative 
localization and biopsy of lesions not identified by sonography 
included the following diagnoses: carcinoma, fibroadenoma, 
chronic cystic disease, and normal breast. All nonpalpable 
lesions that we diagnosed as solid were indeed proven to be 
such. 


Normal Breast Anatomy 


The breast parenchyma is enveloped by fascial planes, the 
Superficial fascia anteriorly, and the deep, posterior fascia. 
Anterior to the superficial fascia is a large layer of subcuta- 
neous fat, and posterior to the deep fascia is the retromam- 
mary fat (Fig. 1). While fat lobules are usually large in the 
subcutaneous fat and breast parenchyma, the retromammary 
layer differs in that its fat lobules are much smaller [6] and 
are usually not identified with real-time sonography. 

The skin is seen as a band of tissue of moderately uniform 
echogenicity bordered on both sides by a highly reflective thin 
line (Fig. 2). Skin thickening caused by lymphatic obstruction 
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Fig. 1.—Diagrammatic representation of the breast. A = skin; B = subcu- 
taneous fat (large fat lobules); C = breast parenchyma enveloped in its fascial 
planes (large fat lobules); D = superficial fascial plane of the breast; E = deep 
fascial plane of the breast; F = retromammary fat layer (small fat lobules); G = 
anterior pectoralis fascial plane; H = posterior pectoralis fascial plane; | = 
pectoralis muscle; J = rib. 


of breast cancer can be easily identified, as can obliteration 
of normal skin planes by underlying inflammation. 

Fascial planes and Cooper's ligaments are highly echogenic 
while fat lobules are of low and fairly homogeneous echogen- 
icity. The pectoralis muscle group produces uniform low-level 
echoes while its surrounding fascial planes are seen as very 
dense, discrete lines [2, 6]. 

Using a high-frequency transducer, these large fat lobules 
appear well defined and are seen routinely in the subcuta- 
neous fat and within the breast parenchyma of most women. 
Fat lobules have an orderly arrangement, a typical elliptical or 
rounded shape, and a homogeneous echo pattern that differ- 
entiates them from breast disease. Should confusion arise for 
the less-experienced sonographer, large fat lobules simulating 
solid masses are rarely palpable, and sonographic examina- 
tion of other portions of the same breast or the contralateral 
breast will reveal a similar pattern. 

While superficial and deep fascial planes and Cooper’s 
ligaments are occasionally identified sonographically (Fig. 3), 
they are of little clinical relevance. The most important ana- 
tomic landmark is the pectoralis muscle, a structure that is 
easily identified as a horizontal band of tissue paralleling the 
chest wall. Fascial planes surrounding the pectoralis major 
and minor muscle produce a characteristic dense, bright line 
(Fig. 4). The pectoralis muscle and its fascia are important in 
breast sonography for two reasons: (1) Identification of the 
pectoralis ensures that the entire depth of the breast has 
been imaged; and (2) Lesions anterior to the pectoralis are 
within the breast or retromammary fat while chest-wall lesions 
are located posteriorly (Fig. 5). 

The thoracic cage is often included in breast sonography. 
Examination of the medial portions of the breast demon- 
strates the cartilaginous segment of the ribs, which are typi- 
cally seen as oval masses containing sparse internal echoes. 
Laterally, as calcified ribs are included in the field, they are 
seen as rounded masses that produce significant shadowing 
(Fig. 5). 
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Fig. 2.—Medial portion of the breast and chest 
wall. Skin (S) is a discrete line of homogeneously 
dense echoes with a smooth line visible on either 
side (arrows). Prominent fat lobule (F) is seen in 
subcutaneous fat layer. Pectoralis muscle (P) de- 
fines posterior extent of breast below which are 
seen cartilaginous portions of two ribs (C). Dense 
shadowing is absent when cartilaginous portions of 
ribs are examined. 


Fig. 3.—Normal breast. Highly reflective linear 
densities (arsows) are Cooper's ligaments. 


Fig. 4.—Anterior pectoralis fascia (upper arrow) 
and posterior pectoralis fascia (lower arrow). A 4- 
mm cyst (c) was noted to be rounc on both projec- 
tions. Dilated ducts may be mistaken for small cysts 
if lesion is not examined in both projections. 


Fig. 5.—I!dentification of pectoralis muscle (ar- 
row) identifies mass posteriorly as a calcified rib. 
Internal echoes and marked posterior shadowing. 


Simple Cyst 
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mass as a Simple cyst eliminates the need for other diagnostic 
measures [3]. In our series of 300 consecutive patients, one- 


The ability to definitively diagnose simple cysts has made fourth of nonpalpable, mammographically visible, and clinically 
sonography an indispensable tool in modern-day breast im- palpable masses were shown to be simple cysts. Of all 
aging. Defining a mammographically visible, nonpalpable patients with palpable lumps that turned out to be cysts, 16% 
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were women under the age of 35. In this group sonography 
was the first examination performed and mammography was 
deferred. 

A retrospective study was undertaken to define the sono- 
graphic characteristics of a simple cyst using a 10-MHz 
transducer. Hard-copy images of 80 consecutive cysts were 
examined for shape, size, wall definition, and posterior en- 
hancement. The sonographic diagnosis of a simple cyst was 
verified by cyst aspiration and cytology in one-third of these 
patients. The remainder were advised to undergo routine 
physical and/or mammographic follow-up. To date no sono- 
graphic diagnosis of a simple cyst has been proven erroneous. 

All cysts were either round or oval, many of them showing 
slight flattening presumably because of compression by the 
transducer. Reverberation artifact was seen occasionally be- 
hind the anterior wall, making this portion of the cyst appear 
less well defined (Fig. 6). The posterior wall was sharply 
defined in all cases. Lateral wall definition changed with beam 
position. When the beam was traversing the center of the 
cyst, the lateral wall margins appeared sharp. Imaging the 
periphery of a cyst resulted in a more jagged, but still well- 
defined margin. 

Posterior enhancement was present to a variable degree in 
all but two cases. Usually it was easily identified in all images; 
however, in 25% of the cases it was demonstrable on only 
one or two images (Fig. 7). Interestingly, we found no corre- 
lation between posterior enhancement and cyst size or depth. 
Internal echoes were notably absent in all simple cysts (Fig. 
8). 

While most simple cysts show the above-mentioned char- 
acteristic features and present no diagnostic problem, we 
would like to stress some of the diagnostic pitfalls we have 
encountered. Methodical examination of the entire cyst in 
both longitudinal and transverse projections is important to 
avoid overlooking a small, marginal intracystic carcinoma. 
These rare tumors arise from the cyst wall (Fig. 9) and, in 
their early stages, may be mistaken for simple cysts unless 
the cyst wall is imaged in its entirety. Sonography is the only 
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diagnostic technique apart from pneumocystography that re- 
liably identifies intracystic carcinomas. In a series of 11 intra- 
cystic carcinomas, cyst fluid with positive cytology, was as- 
pirated in only two [7]. 

Performing sonography after a failed cyst aspiration is futile 
and potentially misleading because pericystic and intracystic 
hemorrhage obscures the criteria that permit confident diag- 
nosis of a simple cyst [8]. Small cysts can present diagnostic 
problems because it may be difficult to be certain that the 
cyst wall is smooth and that internal echoes are absent (Figs. 
7A and 7B). Reverberations need to be recognized as tech- 
nical artifacts that can simulate pathologic internal echoes. 
Cysts that contain echogenic material (cellular debris or blood) 
require further investigation, such as aspiration or excision 
(Fig. 10). 


Malignant Solid Masses 


The sonographic appearance of breast cancer has been 
described in many publications [2, 5, 9]. Minimal cancers 
detected solely by mammography are not reliably identified 
with sonography [2, 4], and palpable cancers are occasionally 
undetectable. Sonography, like mammography, cannot cate- 
gorically exclude the presence of a solid mass. 

Invasive ductal carcinomas evoke a dense, surrounding 
reactive fibrosis. Sonographically, a dominant hypoechoic 
mass with internal echoes is bounded by an irregular margin 
(Fig. 11). Normal connective-tissue planes may be obliterated. 
Attenuation of the sonographic beam is often (but not invari- 
ably) present with malignant dominant masses. Sometimes, 
only an irregular echogenic zone with profound acoustic shad- 
owing is produced. 

Rarely, malignancies can appear surprisingly benign with 
well-defined borders and a homogeneous internal-echo pat- 
tern [10] (Fig. 12). Pathologic correlation of a large number of 
carcinomas that appear to be benign on sonography has yet 
to be performed. 





Fig. 6.—A-C, Three patients with characteristic features of simple cysts. No internal echoes, well-defined margins, and posterior enhancement. Note 


reverberations (arrow) in C. 


Fig. 7.—Proven simple cysts in two different 
patients (A and B, and C and D, respectively). 
Variable degee of posterior enhancement is 
clearly visible on A and C but absent on B and D. 
Differing beam angulation can accentuate poste- 
rior enhancement of a simple cyst. 











ee m 
eee eon ey 





ee 
fine 
9 10 


Fig. 8.—Large simple cysts (C) presenting as non- Fig. 9.—Intracystic carcinoma. Note irregular wall Fig. 10.—Large hemorrhagic cyst. Any internal 
palpable dominant masses on mammography. Sub- (arrow) and large tumor within cyst. echoes mandate further evaluation such as aspiration 
cutaneous fat (F). or excision. 
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Fig. 12.—Three similar-appearing well-defined masses with a homogeneous echo pattern. A, fibroadenoma, B, abscess, C, carcinoma. 


Benign Solid Masses 


Fibroadenomas are important because they are the most 
common benign breast tumor in women between the ages of 
15 and 35. Using real-time sonography, these lesions typically 
appear well circumscribed and have a homogeneous internal- 
echo pattern. Posterior enhancement may be seen (Fig. 13). 
We usually group fibroadenomas with those lesions that need 
surgical excision, since it is evident as one compares the 
cases in Figures 12 and 13 that fibroadenomas and cancers 
can be indistinguishable. Other investigators have also found 
cancers that have a deceptively benign sonographic appear- 
ance [8, 10]. Only if a fibroadenoma is rapidly decreasing in 
size do our surgeons elect to forego surgical proof of benign- 
ity. 

Inflammatory disease of the breast usually poses no diffi- 
culties because of the clinical findings of swelling, pain, mass, 


and erythema. The sonographic appearance varies with the 
stage of inflammation. If an abscess has formed it may be 
identified as a well-circumscribed rounded mass with poste- 
rior acoustic enhancement and homogeneous internal 
echoes. Some lesions that have more diffuse inflammation 
may produce obliteration of normal tissue planes and result 
in an ill-defined, irregularly marginated dominant mass. 

Sonographically and clinically, the differentiation between 
carcinoma and inflammatory disease can be made only with 
complete resolution of all clinical signs and symptoms. Son- 
ographic confirmation of resolution of the mass provides 
additional assurance that the lesion was benign. 


Discussion 


Cysts that present as nonpalpable, dominant masses on 
mammography can be diagnosed with sonography, obviating 
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Fig. 13.—A-F, Fibroadenomas with varying degrees of homogeneous internal echo pattern and definition of mass margin. Most have posterior enhancement. 


needle localization and biopsy. This sonographic capability 
has assumed greater importance since aggressive breast 
cancer screening is identifying large numbers of nonpalpable, 
mammographically indeterminant masses. Sonography can 
prevent an unnecessary biopsy, sparing these women the 
cost, emotional trauma, slight cosmetic disfigurement, and 
occasional mammographic distortion associated with breast 
biopsy. 

Management of a palpable lump that is an unambiguous 
simple cyst on sonography warrants additional discussion. 
Some surgeons were initially reluctant to relinquish cyst as- 
piration in favor of breast sonography. With more confidence 
in the accuracy of the technique, and with realization that our 
charge for localized breast sonography is one-fourth the cost 
of cyst aspiration, resistance is fading. In our department, the 
procedure has become a painless, rapid, and inexpensive 


method of reassuring the patient that her breast lump is a 
cyst and not a cancer. At our institution, acceptance of 
sonography as an alternative method of diagnosing cysts has 
been good, even among our previously resistant clinicians. 
Cyst aspiration is reserved for the patient whose cyst Causes 
pain or interferes with self-breast examination. 
High-frequency transducers are now available as options 
to most real-time sonographic scanners and can be used to 
image a large array of other organs including the thyroid, 
parathyroid, testes, neonatal kidneys, spinal cord [11], pylo- 
rus [12], and hips. After using a dedicated breast scanner for 
several years, we have developed a personal preference for 
examining the breast with a real-time high-frequency trans- 
ducer. Supine examination of the breast with a real-time unit 
offers easy access if sonography-guided biopsy or aspiration 
is needed and simplifies verification that the lesion being 
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imaged is indeed the palpable mass. Many dedicated breast 
scanners still require suspension of the breasts in a water 
bath making precise localization of palpable masses more 
difficult. Nipple attenuation, an important limitation of dedi- 
cated breast scanners [5], produces no problem with a real- 
time unit where angulation of the transducer permits evalua- 
tion of tissue underneath the nipple. We also found that the 
time required for both scanning and interpretation with an 
automated scanner was twice to three times that required for 
real-time breast sonography. 

Use of a high-frequency transducer produces images with 
excellent resolution, but despite this improvement in image 
quality, penetration of the breast and pectoralis muscle has 
been possible in all our patients. Additionally, real-time ex- 
amination clearly demonstrates tissue fixation. One disadvan- 
tage of real-time breast examinations is that close physician 
monitoring is required. An average examination takes 5 to 10 
min including patient consultation. Great care must be taken 
to search diligently for nonpalpable, mammographically visible 
lesions, a procedure that is performed automatically with 
dedicated breast scanners. 

To date, no controlled studies have evaluated the relative 
abilities of these two types of scanners to detect nonpalpable 
lesions. However, all nonpalpable lesions that we diagnosed 
as solid were indeed proven to be such by preoperative 
localization and excision. 

Current studies indicate that incidental, nonpalpable abnor- 
malities seen as solid masses on sonography in asymptomatic 
women have a very low probability of being cancers and 
probably do not warrant biopsy [3]. The preceding statement 
also appears to be true for those women who have radi- 
ographically dense breasts, a subgroup that initially seemed 
to be well suited for sonographic screening [13]. Thus, be- 
sides having a high false-negative rate, breast sonographic 
screening also has a high false-positive rate. Imaging the 
entire breast offers no advantage since benign lesions are 
identified that then require surgical proof of their benignity. 

In conclusion we have found real-time, high-frequency so- 
nography suitable for breast diagnosis when used as an 
adjunct to high-quality mammography. We encourage others 
to try low-cost breast sonography, which, in our patient 
population, has decreased the need for preoperative locali- 
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zation and biopsy by 25%. Providing low-cost breast sonog- 
raphy has also allowed us to replace aspiration as the first 
step in the workup of a palpable breast mass. 
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The Dense Mammogram 


David L. Page’ and Alan C. Winfield? 


Recently in AJR Marc Homer commented on the wording 
of the mammography report [1]. Our intent is to support his 
concerns and help clarify the confusion regarding terminology, 
the concept of normality, and the relationship of imaging 
patterns to risk factors for breast cancer. 

The success of mammography in the detection of and 
screening for breast cancer is clear. No other technique now 
known is its equal in the detection of occult cancers. However, 
the examination is certainly not flawless. Many cancers es- 
cape detection, often because of interference by the density 
of the surrounding breast tissue. This dense breast pattern 
interferes with our diagnostic ability. Further, we are uncertain 
whether this radiographic pattern of dense breast tissue is 
normal (albeit a bothersome interference), distinctly abnormal, 
or indicative of medically meaningful risk of subsequent can- 
cer development. 


Terminology 


Critical evaluation of the problem suggests that the difficulty 
is largely a matter of terminology. Many have adopted the 
practice of using terms that are misleading, inappropriate, 
and/or difficult to understand. For example, parenchyma, 
dysplasia, fibrocystic change. and ductal hyperplasia convey 
different meanings to different readers. Radiology requires 
the art of description and the subsequent drawing of accurate 
conclusions therefrom. The difficulty presented is a breast of 
considerable (not necessarily abnormal) density due to a 
relative abumdance of parenchyma and stroma as compared 
to underlying fat. Note that parenchyma does not equal 








density but is a term for the functioning element of an organ. 
The dense pattern depicted radiologically may be homoge- 
neous or localized and may reflect normal or exaggerated 
glandular tissue. Unfortunately, at this point, the radiologist, 
all too often, reaches into his “bag of words” and extracts 
terminology that is meant to be descriptive, but that unfortu- 
nately contains biologic connotation. Reporting this density 
as dysplasia, fibrocystic disease, mazoplasia, and terminology 
of similar ilk suggests more than we have the basis to 
suggest. What we are viewing is density, not necessarily 
abnormal, which gets in the way of our ability to depict 
abnormalities. 

The term dysplasia requires specific comment. Dysplasia 
is defined as disordered formation and was originally em- 
ployed in the setting of embryologic abnormalities. It has been 
used in various body sites to indicate that the disorders were 
precancerous. Because of the ominous implications of this 
term, its use for the reporting of mammographically dense 
breasts, which may well be within normal limits, seems un- 
warranted and may imply, to many, a disease state with 
precancerous implications when, in fact, no such risk may 
exist. If the term is linked to the technique of mammography, 
as in mammographic dysplasia, one could not technically 
argue against such usage. Nonetheless, the meaning is un- 
clear and confusing. Further, it adds no significance to the 
radiographic report. Words should trigger appropriate direc- 
tions for medical care and implications must be avoided unless 
they can be specifically supported. 

There has long been a nosologic confusion in breast anat- 
omy. This rests fundamentally with the loose use of the terms 
duct, ductule, and lobule. True ducts make up a small per- 


‘ Department of Pathology, School of Medicine, Vanderbilt University, Nashville, TN 37232. 
2 Department of Radiology and Radiological Sciences, Vanderbilt University Medical Center, Nashville, TN 37232. 


AJR 147:487-489, September 1986 0361-803X/86/1473-0487 © American Roentgen Ray Society 


488 EDITORIAL 


centage of the breast, both in the childbearing years and 
through perimenopause. These conduits are relatively inactive 
in the sense of cyclic change. Their disappearance with 
menopause is delayed relative to the remainder of the mam- 
mary epithelium that comprises the majority of parenchyma 
in all but prepubertal and atrophic breasts. The ducts are 
specifically recognized by their lack of reactivity during the 
menstrual cycle, their stromal support with elastic elements, 
and the absence of lactation during parturition. All of the 
remaining structures distal to these true ducts are responsive 
to variations in hormone levels, are capable of lactating, and 
are collectively termed /obular units. The complexity of defi- 
nition rests in the fact that these lobular elements can, as 
they increase in number under hormonal influence, branch 
and produce a system as complex as that found in the lung. 
It is the lack of constancy of these elements and their sup- 
porting stroma that leads to problems in definition. True ducts 
make up little of the radiographic density found in any breast. 
The great mass of density seen on the mammogram is due 
to the glandular lobules and their stroma. 

A further point of interest is the concept of normal as held 
by the radiologist. The Wolfe classification [2] of mammo- 
graphic patterns, which uses the suggestive N, P, and Dy 
abbreviations, suggests that all normal breasts contain fat 
and fibrous tissue, a few blood vessels, and marked paucity 
of breast parenchyma. And yet, experienced radiologists have 
long realized that the young woman generally demonstrates 
relatively abundant densities throughout the breast. Such a 
pattern is probably normal in the childbearing years. We have, 
unfortunately, assumed the posture that if the breast does 
not fulfill the characteristics of a fibrofatty breast with minimal 
density, such a breast is abnormal. This is not true. To 
compound the issue further, we are not in the habit of 
examining normal breasts in young women. Most third- or 
fourth-decade patients who present for mammography are 
accompanied by a clinical statement describing either symp- 
toms or positive physical findings. It is easy therefore, to 
attach pathologic significance to the radiologic image char- 
acterized by varying and, at times, abundant parenchymal 
density, well within the limits of normal for this patient. In the 
absence of a linkage between mammographic pattern disease 
entity, we suggest that descriptive terms be used. The dense 
breast is a dense breast, nothing more and nothing less. 


Risk of Breast Cancer 


Many studies of breast-cancer risk relative to mammo- 
graphic pattern have been done, and although conflicting, the 
preponderance of the evidence is that mammographically 
dense breasts are, in the over-50 age group, a marker for 
increased cancer risk [3]. However, the magnitude of risk is 
probably small and may not be independent of other better 
known markers of breast-cancer risk. 

There are many nonhistologic and nonradiologic factors 
associated with breast-cancer risk. Most of these are not of 
sufficient magnitude to affect medical practice. Family history 
of breast cancer, parity, and age at first childbirth are among 
the most important of these factors. What is their relation to 
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mammographic pattern? The data are conflicting. One study 
found no link between risk factors [4], while another found a 
Close link between increasing parity and decreasing mam- 
mographic density [5]. This last study confirmed several 
earlier studies and is particularly convincing. Much of the 
increased breast-cancer risk associated with a dense mam- 
mographic pattern could be accounted for by this association 
with nulliparity and low parity. These last two features are 
well known and each is associated with elevated risk of breast 
cancer. Also, mammographic pattern and parity could be both 
positively associated and synergistic with regard to cancer 
risk, but this is unknown. 

Some histologically definable lesions of breast epithelium 
are associated with increased risk of subsequent carcinoma 
cevelopment. These changes, discernible only by the micro- 
scope, have not been reliably linked to the patterns revealed 
by mammography. Few studies have been done, and they 
are neither complete nor in agreement. Fisher et al. [6] found 
that mammographically dense breasts were most likely to 
contain dense supporting connective tissue without relation- 
ship to epithelial alterations. Although Wellings and Wolfe [7] 
found a positive relationship between epithelial hyperplasia 
and mammographic pattern, it was not strong and they state 
tnat “further validation based on large clinicopathological se- 
ries is called for...” 

Histologically, the associations with breast-cancer risk con- 
stitute a spectrum from the high risk of carcinoma in situ (CIS) 
to the insignificantly or not elevated risk of mild or absent 
hyperplastic changes [8]. Minimal or absent hyperplasia may 
be found in as many as 70% of benign breast biopsies and 
seems to have no effect on risk of cancer [8]. Conversely, 
the presence of lobular or ductal CIS is associated with a risk 
of subsequent carcinoma development 9 to 11 times greater 
than that of the general population [9]. 

Between these two diagnoses (CIS and absent or mild 
hyperplasia) is the histologically definable lesion referred to 
as atypical hyperplasia. This entity, demonstrating some fea- 
tures, albeit incomplete, of CIS, is found in only 4% of biopsies 
that are otherwise benign. Nonetheless, they augur a four- to 
fivefold increased risk for development of cancer [10]. This 
pattern of atypia has, as yet, been untested with regard to its 
correlation with mammographic patterns. Hyperplastic or pro- 
liferative changes without these atypical features are associ- 
ated with a subsequent cancer risk of 1.5 to 2 times the 
general population. These latter hyperplasias are much more 
common and are found in approximately one-quarter of 
women biopsied on clinical indication. 

There is something of biologic importance in mammo- 
graphic density patterns, as noted above, but the promise is 
Clinically largely unfulfilled. We have made too many leaps of 
faith with regard to their significance, and must now delay 
satisfaction until we gain more certainty. 

Our stock in trade is the visualization of tissue abnormalities 
if they exist, and conversely, recognition of the absence of 
disease in the normal subject. Additiona! radiographic densi- 
ties, due to abundant breast parenchyma and/or supporting, 
fibrous stroma interfere with our ability to effectively study 
the breast for abnormalities. These need not imply that the 
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interfering densities are abnormal, although such a dense 
pattern does affect our diagnostic abilities. 


It is important that the terminology used by a radiologist 


appropriately conveys what it is meant to convey. Language 
must bridge the barriers of specified specialties. Terms like 
dysplasia and fibrocystic disease must mean the same thing 
to radiologist, pathologist, and surgeon. Otherwise our ability 
to communicate is constricted. Our function is to mean what 
we say, and say what we see: anything less is inadequate. 
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Ultrasound Physics and Instrumentation. By David Hykes, Wayne R. Hedrick, and Dale E. Starchman, New 


York: Churchill Livingstone, 247 pp., 1985. $36 


A solid text on the physics and instrumentation of diagnostic 
ultrasound has been long overdue. Now, Mr. Hykes, with the help of 
Drs. Hedrick and Starchman, have supplied an excellent text that not 
only is comprehensive, but also reads relatively well at the level of a 
radiology resident or beginning graduate student in medical physics. 
With the addition of several hours of classroom discussion, it may 
also be suitable for student technologists in diagnostic ultrasound. 

The book is divided into six chapters. The first chapter covers the 
basic physics of ultrasound and, in spite of occasional difficulties 
such as a noticeable ambivalence concerning the influence of the 
physical density of the medium upon the propagation velocity of 
ultrasound, is well done. The next three chapters are devoted to 
ultrasound instrumentation and scanning methods. The 20-page dis- 
cussion of real-time transducer arrays and mechanical sector scan- 
ners is excellent in this section. 

The final two chapters include a good discussion of ultrasound 


bioeffects and a 40-page presentation of quality assurance and 
performance evaluation text for ultrasound equipment. A 20-page 
review of basic mathematics useful in clinical ultrasound is included 
as an appendix. 

Each chapter is accompanied by review questions, with answers 
provided in an appendix. A review test with answers is also included 
in the appendix, which follows an excellent glossary of terms and 
definitions useful in ultrasound. Illustrations in the text are numerous 
and of excellent quality, although several are used repetitively in 
different parts of the text. Anyone teaching the physical principles 
and instrumentation of diagnostic ultrasound should definitely con- 
sider Ultrasound Physics and Instrumentation as a text. 
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Stationary and Moving 
Mammography Grids: 


Comparative Radiation Dose 





Mammography without a grid and with both a stationary and a moving grid was 
performed on 46 women. Mean gland dose to the breast was increased two te four 
times using either grid. Grid lines were apparent on films obtained with a stationary grid, 
but were not seen on those obtained with a moving grid. Although the radiation dose is 
the same with both grids, differences in the design of the two devices may lead to a 
personal preference in deciding which grid to use. 


Improvement in the efficacy of mammography in diagnosing breast cancer has 
resulted from improved resolution in imaging. One means of obtaining this is with 
a grid. We have previously described a stationary grid for mammocraphy [1]. Since 
that series, a moving grid has been tested in a clinical trial of 46 patients. 


Materials and Methods 


Mammography was performed on 46 patients using a dedicated mammegraphic unit (CGR 
Senographe, Columbus, MD) with a nominal 0.6-mm focal spot, a molybdenum target, a 
beryllium window, and a 0.03 mm molybdenum filter. All studies were done using compression 
cones. 

The MB12 mammography moving grid (Sinmed bv, S & S X-Ray Products, Brooklyn, NY) 
had a grid ratio of 5:1 with 44 lines/cm. Focused at 40-60 cm, lead lines are 36 um thick and 
are interspaced with 200 um of fiber. The grid is 1 mm deep. Grid cover and overlying Bucky 
cover are manufactured of carbon fiber with a total aluminum equivalent of 0.18 mm. An 
attached power supply drives the device and can be worked independently or interfaced with 
X-ray tube controls. The stationary grid (Liebel-Florsheim, Cincinnati, OH) :s 1 mm thick and 
composed of lead with aluminum interspaces at 80 lines/cm. The grid ratio is 3.5:1, focused 
at 37-47 cm. The grid fits inside a standard Kodak mammographic cassette (Rochester, NY). 

A Kodak Min R screen is used to obtain all mammograms. DuPont MRF-31 film (Wilmington, 
DE) is used for all nongrid examinations. Higher-speed Kodak OM-1 film is used for grid 
studies to reduce radiation. Because its latitude is more limited, OM-1 fim is not used in 
nongrid mammography. This limitation is less important in imaging breasts that are thick and 
dense, since in these cases, contrast enhancement is actually desirable. 

The patients in this series were selected on the basis of previously Getermined criteria 
[1]. All were women with glandular breasts (Wolfe's P2, DY) in whom a grid was necessary 
to improve resolution. Both mediolateral and craniocaudal views of each breast were obtained. 
A stationary grid was used to evaluate one breast, and a moving grid was used to evaluate 
the other. The mean glandular dose delivered to the breast with each of three techniques 
was compared. No additional films were obtained as part of the study. 

Radiation exposure and X-ray beam quality measurements were made with the Memorial 
mammography ionization chamber [2]. Mean dose to the breast glandular tissue was 
calculated according to individual breast thickness using a previously established technique 
[3]. In all 46 patients, the mean gland dose could be calculated for mammograms using both 
grids. In 31 of these patients, a second, random view of the same breast without a grid was 
obtained, and the mean gland dose for these patients was also calculated. 
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TABLE 1: Radiographic Technique and Radiation Measurements in Five Consecutive Patients 





Casi Compressed Peak 
No. Breast Thickness Grid Voltage 
(cm) (kVp) 
A 8 None 28 
Moving 28 
Stationary 28 
B 9 None 28 
Moving 28 
Stationary 28 
C 9 None 29 
Moving 29 
Stationary 29 
D 9.5 None 30 
Moving 30 
Stationary 30 
E 8 None 28 
Moving 28 
Stationary 28 


Current Exposure Skin Mean Gland 
(mA) Time Exposure Dose (rad 
(sec) (R)? or cGy) 
20 1.4 1.79 0.12 
20 3.0 3.83 0.25 
20 3.0 3.83 0.25 
20 1.2 1.53 0.09 
20 3.0 3.83 0.22 
20 3.0 3.83 0.22 
20 1.0 1.46 0.08 
20 3.0 6.43 0.37 
20 3.0 6.43 0.37 
22 1.2 2.25 0.13 
ee 3.2 6.00 0.34 
22 3.0 5.62 0.31 
a 1.0 1.28 0.08 
20 2.6 3.32 0.22 
20 2.4 3.06 0.20 





2 To convert roentgens (R) to SI units, multiply R x 0.258 to get mC/kg. 


Results 


Alterations in radiographic techniques from nongrid studies 
to both stationary and moving grid examinations involved an 
increase in exposure time by a factor of 2 to 4 and a similar 
increase in mean gland dose to the breast. Sample techniques 
and mean gland doses for five consecutive women in whom 
nongrid, moving, and stationary grid factors were available 
are listed in Table |. For those 31 women in whom nongrid 
studies could be evaluated, the mean glandular dose ranged 
from 0.05-0.20 rad (mean, 0.06 rad). In all 46 patients, 
radiation measurements ranged from 0.13-0.37 rad (mean, 
0.21 rad) in moving-grid studies. In those same women, 
Stationary-grid studies resulted in a mean glandular dose of 
0.12-0.32 rad (mean, 0.21 rad). Radiation exposure was 
essentially the same with both grids. Grid lines, which were 
apparent on images obtained with the stationary grid, were 
not present on the moving grid images. 

The primary difference in how these two devices are used 
is a function of their design. The stationary grid is designed 
to fit into a film cassette. One exposure can be made with 
each grid-cassette combination, and then the cassette must 
be reloaded with film. A bilateral mammogram with mediola- 
teral and craniocaudal views requires reloading the cassette 
for each exposure or purchase of four grids. The geometry 
of the moving grid requires that the film-screen system be 
placed inside a device that snaps onto the mammography 
tray. The cassette slides in and out of the grid device quite 
easily, and as many exposures as needed may be obtained 
with a single grid. The need to reload the cassettes is deter- 
mined by the number of available cassettes, not by the 
number of grids. The moving grid device easily snaps on and 
off the mammography tray to adopt the unit for either grid or 
nongrid studies. 


Discussion 


The improved resolution that occurs with the grid technique 
has been previously demonstrated [1]. The technique is effi- 


cacious in nonfatty breasts, with increasing usefulness in 
denser breasts. Resolution of microcalcifications is also im- 
proved. Masses that otherwise are difficult or even impossible 
to discern using conventional techniques may become appar- 
ent. A stationary ultrahigh-strip-density, focused grid has 
previously been studied at our institution. After completion of 
that series, a moving focused grid became available, and the 
necessary alteration in radiographic technique, which involved 
increasing exposure time, was essentially identical for the two 
devices. A twofold-to-fourfold increase in exposure time was 
necessary for both grids. This resulted in an increased mean 
glandular dose to the breast of a similar factor. The mean 
increase in dose to the patient with both grids was 3.5 when 
compared with nongrid studies. 

Because of differences in their design, the two devices are 
used differently. Only single-film exposure is possible with the 
Stationary device. Either multiple grids or multiple cassette 
reloadings are necessary for a full-grid examination. The 
stationary device allows multiple cassettes to be inserted into 
a casing that contains the grid. The examination is therefore 
less time consuming if only a single device of each type is 
available. Grid lines, which are present with the stationary 
device, are blurred out with the moving grid. Because of the 
limited number of patients in this series, diagnostic accuracy 
could not be evaluated. A clinical trial to compare the efficacy 
of these two devices has yet to be performed. 
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MRI of Indeterminate 
Adrenal Masses 





The histologic type of adrenal tumors can be accurately predicted by MRI on the basis 
of their signal intensity on a T2-weighted image. However, a small but significant number 
of nonfunctioning adenomas, carcinomas, and metastases cannot be differentiated 
because they have similar signal intensities on a spin-echo 2500/80 scan. Eight (21%) 
of 38 of these tumors fell into this group. Differentiation between incidental adenomas 
and metastases can be conclusively achieved only when the primary neoplasm can also 
be imaged and displays high signal intensity on T2-weighted images. 


MRI of the adrenals has provided tissue characterization that is unattainable with 
CT. We have described the imaging characteristics of a spectrum of adrenal 
masses [1-4] and have demonstrated some histologic specificity based on the 
signal intensity on a T2-weighted sequence. Standardization of signal intensity, 
achieved by measuring adrenal/liver intensity ratios, divides the lesions into three 
groups. These include adenomas with low signal intensity, adrenal metastases and 
carcinoma with an intermediate signal intensity, and pheochromocytomas with high 
signal intensity. Other investigators have confirmed our results [5]. While pheo- 
chromocytomas appear to form a group distinct from the other tumors, a small but 
significant number of adrenal adenomas and metastases have similar signal char- 
acteristics, which do not allow them to be distinguished by MRI. Because these 
lesions are among the most important to be differentiated in a clinical setting, we 
examined this indeterminate group to better define the prevalence and degree of 
overlap, seeking clues that would enable us to achieve better differentiation. 


Methods and Materials 


Prospective MR examinations of the adrenal gland were performed in 60 adult patients 
with a total of 65 adrenal masses. All masses had been previously discovered on CT scans 
and included 19 adrenal adenomas (two hydrocortisone-producing adenomas, one aldoster- 
one-producing adenoma, and 16 nonhyperfunctioning adenomas), five adrenal carcinomas, 
20 metastases to the adrenals (colon, melanoma, hepatocellular carcinoma, small-cell carci- 
noma of the lung, lung adenocarcinoma, and renal cell carcinoma), and 21 pheochromocyto- 
mas. The diagnosis was established by biopsy, surgery, or autopsy findings in eight nonhy- 
perfunctioning adenomas, three hyperfunctioning adenomas, and all adrenal carcinomas, 
metastases, and pheochromocytomas. In eight nonhyperfunctioning adenomas, the diagnosis 
was established by serial imaging over a 1-year period. 

The examinations were obtained on a 0.5-T (21.3-MHz) superconducting imaging system 
using a 52 x 35 cm aperture elliptical body coil. Spin-echo (SE) sequences were used to 
acquire images in the transverse, coronal, and sagittal planes. Echo times (TE) of 26, 40, 80, 
or 120 msec and repetition times (TR) of 300-2500 msec were used. Initially, cardiac-gated 
SE 750/40 scans were used for anatomic localization. After equipment upcates, SE 300/26 
scans were used because they provided better anatomic definition. The SE 300/26 scans 
were obtained with eight averages, while the remainder of the images were obtained with 
two averages. The time of data collection was 5 to 12 min/sequence. All sequences were 
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acquired in books of four or eight contiguous 5- or 10-mm slices. 

As previously described [4], average signal intensities from regions 
of interest within the adrenal mass and the adjacent normal liver were 
obtained for two SE sequences (SE 750/40 or 300/26, and 2500/80 
or 2500/120). Ratios of the adrenal intensity to the liver intensity 
were calculated on the 53 adrenal masses that had a SE 2500/80 
scan. 


Results 


Figure 1 displays the data, reiterating the division of adrenal 
lesions into three groups in terms of lesion/liver ratio on T2- 
weighted pulse sequences. By inspection, the ratios for pheo- 
chromocytomas clearly differ from those for adenomas and 
primary and secondary neoplasms. This impression is readily 
confirmed by a permutation test, rejecting similarity at p < 
0.0001. Comparison of the values for adenomas and the 
group of metastases and adrenal carcinomas using a Wil- 
coxon Rank Sum test demonstrates the significant difference 
in the means (p < 0.001). The central issue of this paper is 
the overlap between adenomas and the group of metastases 
and adrenal carcinomas. This may be addressed by receiver- 
operating characteristic (ROC) analysis. Specifically, as dis- 
cussed by Handley and McNeil [6], the ROC curve, in addition 
to displaying the effects of varying diagnostic criteria, gives a 
measure of overlap between groups. Groups completely sep- 
arate and free of overlap allow for error-free diagnosis and 
produce ROC curves with area = 1. Groups that are totally 
inseparable produce diagnostic criteria that are essentially 
guesses and curves with area = V2, the probability of distin- 
guishing between two equally likely alternatives by pure 
chance. Table 1 displays the effects of change in the cutoff 
criteria for distinguishing between adenoma and neoplasia 
producing an ROC curve with underlying area = 0.97. The 
poor distinction between adrenal carcinomas and metastasis 
is reflected in an area of 0.75. The areas of pheochromocy- 
tomas were 1.0 indicating no overlap with adenomas, metas- 
tasis, or carcinomas. 

In our series, all lesions with an adrenal mass/liver ratio of 
1.4 or greater were malignant (metastasis or carcinoma) or 


SE 750/40 OR SE 300/26 
SIGNAL INTENSITY 
e° 
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Fig. 1.—Plot of adrenal mass signal intensity to liver signal intensity on SE 
750/40 or SE 300/26 and SE 2500/80 images shows three clusters of values. 
As a group, adenomas (open circles) were distinguishable from a cluster of 
metastases (closed circles) and adrenal carcinomas (open triangles) and a 
cluster of pheochromocytomas (solid triangles). Adenomas and metastases 
overlap in the range of 1.2 and 1.4. 
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TABLE 1: Results of Receiver-Operating Characteristic Analysis 





Cutoff Value Ratio 





TP TN 

Signal intenet) oensitivity (Specificity) FN 
0.5 1 1 0 0 
1.0 1 0.69 0.31 0 
1.1 1 0.57 0.43 0 
12 1 0.19 0.81 0 
1.3 0.78 0.07 0.93 0.22 
1.4 0.73 0 1 0.27 
1.5 0.67 0 1 0.33 
2. 0.28 0 1 0.72 





Note.—TP = fraction of metastases correctly diagnosed: FP = fraction of adenomas 
incorrectly diagnosed; TN = fraction of adenomas correctly diagnosed; FN = fraction of 
metastases and carcinomas incorrectly diagnosed. 


pheochromocytomas. All adrenal masses with a ratio less 
than 1.2 were adrenal adenomas (hyperfunctioning or non- 
hyperfunctioning). However, eight adrenal masses in our se- 
ries (21% of the group with adenomas, metastasis, and 
carcinomas) had a ratio between 1.2 and 1.4. This is reflected 
in the ROC analysis, a cutoff criteria of 1.4 having no false 
positives and a criteria of 1.2 having no false negatives. The 
range of overlap (1.2-1.4) is reflected in the variation and the 
true- and false-positive values in the ROC analysis (Table 1). 
Included in this range were three of the monhyperfunctioning 
adenomas and five of the metastatic lesions (three melano- 
mas, one renal cell carcinoma, and one colon carcinoma) 
(Figs. 2 and 3). It is likely that the cutoff point will vary with 
different field strengths and different MR units. 


Discussion 


MRI has dramatically improved the evaluation of the adrenal 
gland. For the first time, it is possible to characterize adrenal 
masses by histology on the basis of imaging characteristics. 
While this is useful in patients with Cushing syndrome or 
hypertension, it is particularly helpful in patients with incidental 
adrenal masses. Silent adrenal masses can be found in ap- 
proximately 1-9% of the adult population, depending on 
whether CT or autopsy findings are used [7, 8]. Although 
most incidental adrenal masses in an adult are nonhyperfunc- 
tioning adenomas, they cannot be distinguished from metas- 
tases on the basis of CT criteria. In addition, pheochromocy- 
tomas may be Clinically silent and may have no specifically 
distinguishing CT features. 

Most of the adrenal masses could be easily distinguished 
on the basis of their signal intensity on the SE 2500/80 scan. 
All of the pheochromocytomas displayed markedly increased 
Signal intensity on the T2-weighted sequence (adrenal/liver 
ratio >3.4). Most of the adrenal adenomas displayed low 
signal strength on the SE 2500/80 scan similar to the adjacent 
liver (adrenal/liver ratio <1.2). The adrenal carcinomas and 
most of the metastases were increased in signal intensity 
relative to the liver on the SE 2500/80 sequence (adrenal/ 
liver ratios 1.4-2.7). However, there were three adrenal ade- 
nomas and five metastases that had ratias in the nondiagnos- 
tic 1.2 to 1.4 range on the SE 2500/80 images, and appeared 
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Fig. 2.—A, SE 750/40 scan reveals a 
right adrenal metastasis from colon car- 
cinoma (arrow). Mass is similar in signal 
intensity to liver. B, Metastasis (arrow) is 
slightly greater in signal intensity than liver 
on SE 2500/80 scan, similar to some 
adenomas in our series (adrenal/liver ratio 
is 1.3). 


Fig. 3.—A, Heterogeneous 5-cm left 
adrenal metastasis (arrow) from renal cell 
carcinoma is shown on SE 750/40 scan. 
B, Metastasis (arrow) is only slightly 
brighter than liver on SE 2500/80 image 
(adrenal/liver ratio is 1.4), similar to me- 
tastasis in Fig. 2. These metastases differ 
from classic MR appearance of adrenal 
metastasis, which is typically much 
brighter than liver on a T2-weighted im- 
age. 


similar to liver on the T2-weighted scan. The metastases 
included three melanomas, one renal cell carcinoma, and one 
colon carcinoma. The melanoma metastases were similar in 
signal characteristics to other sites of metastatic melanoma. 
This is not unexpected: the histology of adrenal metastases 
should reflect the histology of the primary lesion, and therefore 
the imaging characteristics of adrenal metastases should be 
similar to that of the primary. Little has been reported about 
the relationship of the imaging characteristics of primary and 
metastatic lesions on MRI. We have noted that metastases 
have imaging characteristics that are similar to the primary 
lesions on MRI, particularly in the adrenal and other sites 
where the metastasis completely replaces the normal paren- 
chyma (Fig. 4). 

There have been two other reports of adrenal masses that 
appeared to fail into this overlap zone between adenomas 
and malignant lesions. A group of aldosterone-producing ad- 
enomas have been described as appearing brighter than liver 
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on a T2-weighted sequence [9]. Our single aldosterone-pro- 
ducing adenoma could not be distinguished from other ade- 
nomas, however. In addition, an adrenal carcinoma was re- 
ported as having values overlapping adrenal adenomas [5]. 
Although the functional status of that tumor was not reported, 
it is known that functioning, well-differentiated adrenal carci- 
nomas can be difficult to distinguish from adrenal adenomas 
on a histologic basis [10, 11]. It was not unexpected that it 
would be difficult to distinguish an adenoma from a low-grade 
Carcinoma on an imaging basis as well. The five adrenal 
Carcinomas in our series were relatively anaplastic lesions 
and could be easily distinguished on the basis of their signal 
characteristics. 

If a patient has an adrenal lesion that is indeterminate by 
its MR appearance, as reflected by the adrenal/liver ratio, the 
primary neoplasm or other known metastases should be 
imaged. If the primary neoplasm displays considerably 
brighter signal intensity on T2-weighted images, the adrenal 
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mass is likely to be an adenoma. However, if the primary or 
other metastases have signal characteristics that are similar 
to those of the indeterminate adrenal mass, metastasis can- 
not be distinguished from adrenal adenoma. 
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Fig. 4.—A, Bilateral adrenal metastases (black arrows) and right chest 


wall metastases (white arrows) from renal cell carcinoma are noted on SE 
300/26 scan. B, Both adrenal (black arrows) and chest wall (white arrows) 
metastases have similar signal intensities on SE 2500/80 sequence. C, 
Primary right renal cell carcinoma (arrows) appears similar to metastases on 
SE 2500/80 scan, reflecting point that lesions with similar histology should 
have similar imaging characteristics. 
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MRI with Surface Coils for 
Parathyroid Tumors: 
Preliminary Investigation 





The ability of MRI to detect parathyroid gland enlargement was assessed using 1.5- 
T systems and surface coil reception. Nine patients with primary hyperparathyroidism 
were studied before surgical neck exploration. Five-millimeter-thick axial images were 
obtained from the thyroid cartilage to the sternal notch. Both T1 and T2 contrast- 
weighted spin-echo sequences were performed in most cases. MRI correctly identified 
six out of seven parathyroid adenomas. In the false-negative case, T2 contrast-weighted 
sequences were not performed for technical reasons. In the one case of surgically 
proven parathyroid hyperplasia, a lesion identified by MRI as a parathyroid adenoma 
coincided at surgery with the largest of three hyperplastic parathyroid glands. A single 
case demonstrated a potential pitfall in the search for ectopic parathyroid glands: A 
large colloid cyst in the posterior portion of the thyroid gland showed signal character- 
istics indistinguishable from a parathyroid adenoma. The enlarged parathyroid glands 
were best visualized on T2 contrast-weighted sequences, with the lesions demonstrating 
greater signal than surrounding tissues. 


Preoperative localization of enlarged parathyroid glands has been described with 
CT, sonography, and double-tracer scintigraphy [1-3]. Stark et al. [4] used MRI to 
identify parathyroid tumors in several patients in whom large tumors (>1 cm) had 
been located by CT, although these authors acknowledged that most parathyroid 
lesions would be too small to be detected by their instruments [4]. The use of 
surface coils for signal reception has been advocated for MRI of the neck in order 
to increase the signal-to-noise ratio [5, 6], permitting improved resolution. Surface 
coils have been employed for MRI of the larynx and hypopharynx, yielding markedly 
improved anatomic detail compared with body coils [7, 8]. In this study, we used 
the improved signal-to-noise ratios of surface coil imaging to assess MRI as a 
primary technique for preoperative localization of parathyroid tumors. 


Subjects and Methods 


MRI of the neck was performed in nine patients with biochemically proven primary 
hyperparathyroidism. The study population consisted of six women and three men, aged 49 
to 78 years (Table 1). All patients had preoperative documentation of hypercalcemia and 
elevated serum parathormone levels, and all underwent surgical neck exploration after MRI. 

MR spin-echo images were obtained using superconductive magnets (General Electric) 
operating at 1.5 T and the body coil for RF excitation. We used either a 6-cm-diameter round 
or a 10 X 20 cm rectangular surface coil for reception, and a two-dimensional Fourier 
transform acquisition with a 256 x 128 matrix and either a 14-cm or a 16-cm field of view. 
We obtained 5-mm-thick axial images from the level of the thyroid cartilage to the sternal 
notch, using either interleaved contiguous slices or 2.5-mm gaps between slices. This 
approach yielded a resolution element of approximately 0.6 x 1.2 x 5 mm. Four or six RF 
excitations per phase-encoding step were used for T1 contrast-weighted pulse sequences. 
Two RF excitations per phase encoding step provided sufficient signal-to-noise ratios on the 
T2 contrast-weighted sequences, although four excitations were performed on a few patients 
judged sufficiently cooperative to remain still for the longer (17 min) acquisition time. T1 
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TABLE 1: Summary of Patient Characteristics 
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Case Age 
No (years) Diagnosis Symptoms 
Gender 
1” 78 M Adenoma Lethargy, anorexia 
> 56 F Adenoma None 
3r 74 F Adenoma Wt. loss, N&V, an- 
orexia 
4° 49 F Adenoma Recurrent renal 
calculi 
5 UF Adenoma None 
6 66 M Adenoma Recurrent renal 
calculi 
7 65 M Adenoma None 
8 54 F Hyperplasia None 
9 66 F Colloid cyst Prior adenoma re- 


section 


Laboratory 


Valjės MRI Surgical Findings 
Calcium = 12.2 Positive on left 2.4-g LL gland ade- 
PTH = 38.9 noma, 3 other 

glands normal 
Calcium = 12.1 Positive on right 660-mg RU gland ade- 
PTH = 4.9 noma, 3 other 
glands normal 
Calcium = 18.8 Positive on right 1.0-g RU gland ade- 
PTH = 178 noma, 3 other 
glands normal 
Calcium = 10.7 Positive on left 126-mg LL gland ade- 
PTH = 3.65 noma, 3 other 
glands normal 
Calcium = 12.5 Positive on 2.7-g RU gland ade- 
PTH = 20.7 right, multi- noma, 3 other 
nodular goiter glamds normal; multi- 
of the thyroid nodular goiter 
Calcium = 14.9 Positive on right 5-g adenoma R neck, 
PTH >5 left neck glands nor- 
mal 
Calcium = 12.7 Negative 800-mg RU gland ade- 
PTH = 5.4 noma, 3 other 


Calcium = 16 


Positive on right 


glands normal 
Hyperplasia of 3 


PTH > 35 (see text) glands, RU = 4.8 g. 
LU = 1.1 g, LL = 1.3 
g 
Calcium = 11.7 Colloid cyst vs Multiple colloid nodules 
PTH = 2.35 ectopic PT and chronic thyroidi- 
adenoma tis 


Note.—Normal serum calcium = 8.7-10.2 mg/dl; normal serum parathyroid hormone (PTH) = 0.4-1.5 ng/ml. Serum levels listed represent the highest preoperative measurements. N&V 


= nausea and vomiting; LL = left lower; RU = right upper; LU = left upper. 
a See Fig. 1. 
> See Fig. 2. 
€ See Fig. 3. 
° See Fig. 4. 


contrast-weighted pulse sequences were performed with a repetition 
time (TR) of 500 msec and echo delay time (TE) of 20 or 25 msec. 
T2 contrast-weighted pulse sequences with TR = 1500 or 2000 msec 
and TE = 80 or 100 msec were performed in all but one case, in 
which the study was stopped for technical reasons. In most cases, 
“intermediate” images were obtained as the first echo of the T2 
contrast-weighted study, with TR = 1500 or 2000 msec and TE = 
30 or 40 msec. 


Results 


Results are summarized in Table 1. Six out of seven 
surgically proven parathyroid adenomas were correctly iden- 
tified on preoperative images. The adenomas all demon- 
strated apparently long T1 and long T2 values, and most 
were located just posterior to the thyroid gland, adjacent to 
the esophagus. Although anatomic resolution was better on 
the T1 contrast-weighted images, contrast resolution be- 
tween the adenoma and surrounding tissues was markedly 
improved on the T2 contrast-weighted images because of the 
apparently long T2 of the parathyroid adenomas (Figs. 1-4). 
Intermediate images with long TR and short TE provided 
better signal-to-noise ratios than the T2 contrast-weighted 
images but with variable loss of the contrast resolution of 
adenomas with surrounding tissues (Figs. 1B and 2B). The 


false-negative study occurred in the single patient in whom 
T2 contrast-weighted sequences were not performed; an 800- 
mg adenoma was not identified. 

One patient demonstrated parathyroid hyperplasia at sur- 
gery. In this case, a lesion suspected by MRI as a parathyroid 
adenoma actually coincided with the largest (4.8 g) of three 
hyperplastic parathyroid glands. Signal characteristics of this 
hyperplastic gland were identical to the parathyroid adeno- 
mas. 

The final patient had undergone surgical exploration for 
resection of a parathyroid adenoma 2 years earlier and pre- 
sented with recurrent hyperparathyroidism. MRI of the neck 
and mediastinum demonstrated no evidence of parathyroid 
enlargement in the usual location. On T2 contrast-weighted 
images, an area of increased signal within the posterior por- 
tion of the right thyroid gland was considered likely to repre- 
sent a colloid cyst, although an ectepic parathyroid gland 
could not be excluded. At surgical exploration, this area 
demonstrated only colloid nodules and chronic thyroiditis; no 
parathyroid adenoma was found. 


Discussion 


To achieve the greatest accuracy in the MR detection of 
parathyroid tumors, our findings suggest that both T1 and T2 
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Fig. 1.—Case 1, parathyroid adenoma, 10 x 20 cm surface coil. A, T1 lution from adjacent thyroid tissue is poor. C, T2 contrast-weighted image with 
contrast-weighted image with TR = 500 msec and TE = 25 msec, six excita- TR = 2000 msec and TE = 80 msec, four excitations. Although anatomic 
tions. 8 x 10 mm low-signal lesion (arrow) lies posterior to left lobe of thyroid resolution is worse than with T1 contrast-weighted image, contrast resolution 
gland. B, “Intermediate” image with TR = 2000 msec and TE = 40 msec. of parathyroid adenoma (arrow) is excellent due to long T2. 


Greater signal intensity seen at site of lesion (arrow), although contrast reso- 





Fig. 2.—Case 2, parathyroid adenoma, 10 x 20 cm surface coil, with pulse with T1 contrast-weighted image, better anatomic resolution than T2 contrast- 
sequences the same as Fig. 1. A, T1 contrast-weighted image, four excitations. weighted image. C, T2 contrast-weighted image, two excitations. Parathyroid 
5 x 8 mm low-signal lesion (arrow) behind right lobe of thyroid gland. B, adenoma (arrow) clearly identified because of high signal intensity despite poor 
Intermediate image. Improved contrast resolution of lesion (arrow) compared anatomic resolution. 





Fig. 3.—Case 3, parathyroid adenoma, 6- Fig. 4.—Case 4, parathyroid adenoma, 10 x 20 cm surface coil, with pulse sequences the same as Fig. 1. 
cm surface coil. T2 contrast-weighted image A, T1 contrast-weighted image, six excitations. 4-mm low-signal lesion (arrow) lies posterior to left lower pole 
with TR = 1500 and TE = 80, two excitations. of thyroid gland and medial to left carotid artery. B, T2 contrast-weighted image, four excitations. Although 
Bright signal from parathyroid adenoma (arrow) anatomic detail on T2 contrast-weighted images is poor for such a small lesion, combination of bright-signal 
reflects long T2. focus (arrow) at site of discrete low-signal structure on T1 contrast-weighted image permits diagnosis of 


parathyroid adenoma. At surgery, gland weighed only 126 mg and measured 4 x 5 x 3.5 mm. 
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contrast-weighted pulse sequences should be performed. The 
high-intensity signal of these lesions on the T2 contrast- 
weighted sequence appears characteristic of both parathyroid 
adenomas and hyperplastic glands, permitting excellent con- 
trast resolution from surrounding tissues. The T1 contrast- 
weighted sequence provides improved anatomic resolution 
and confirms the long T1 relaxation time of these lesions 
(thus excluding fat). Intermediate images (long TR, short TE) 
are not essential to the diagnosis but may provide additional 
anatomic information with no increase in acquisition time 
when they are obtained as the first echo of the T2 contrast- 
weighted pulse sequence. Other authors also have noted the 
long T1 and T2 relaxation times of parathyroid tumors [4]. 

Identification of small parathyroid tumors is aided by high 
signal-to-noise ratios, which can be achieved with the use of 
small surface coils for reception [5, 6]. Signal-to-noise is also 
aided by the use of a high field-strength magnet [9, 10]. In 
this study, the combination of surface coil reception and a 
1.5-T field strength permitted detection of a very small ade- 
noma (case 4, Fig. 4). Although increasing the number of 
excitations per phase-encoding step can also improve signal- 
to-noise ratios, the greater time required for performing T2 
contrast-weighted images could become uncomfortable for 
many patients, and it could reduce the number of patients 
examined [9]. 

Our imaging protocol, which evaluates the neck to the 
sternal notch, would detect the majority of both orthotopic 
and ectopic parathyroid tumors. If MRI of the neck were 
negative, MRI of the mediastinum could be performed, since 
approximately 2% of parathyroid glands occur in this region 
[11]. The ability of MRI to localize ectopic parathyroid ade- 
nomas in the mediastinum has been described by other 
authors [12]. However, diagnosis of ectopic intrathyroid para- 
thyroid adenomas may be difficult because colloid cysts also 
display long T1 and T2 relaxation times [4]. For this reason, 
case 9 in our study was considered indeterminate. Additional 
work is needed to ascertain whether enlarged lymph nodes 
may mimic parathyroid tumors, although none were seen in 
our series. 

Previous reports have described the use of sonography, 
CT, and double-tracer scintigraphy to localize parathyroid 
tumors, with accuracy rates in the range of 60-80% for these 
techniques [1-3]. Our preliminary experience demonstrates 
the potential for MR surface coil imaging of the neck in 
patients with hyperparathyroidism, particularly when both T1 
and T2 contrast-weighted spin-echo sequences are per- 
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formed. Continued investigation is needed, both to assess 
the specificity of the apparently long T1 and T2 relaxation 
times of these lesions, and to compare the accuracy of MRI 
to other noninvasive imaging techniques. In comparison to 
CT and sonography, MRI may provide improved contrast 
resolution of parathyroid tumors because of the high signal 
from these lesions on T2 contrast-weighted sequences. 
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Plain Film Evaluation of 
Patients with Abdominal 
Pain: Are Three Radiographs 

Necessary? 





Current recommendations for the plain radiographic evaluation of abdominal pain 
suggest a minimum three-film series including an erect and supine abcominal view and 
an erect chest study. Three film radiographic abdominal “series” were obtained in 252 
consecutive emergency-room patients who presented with abdominal pain. The views 
were analyzed independently for their relative diagnostic value. Radiologic pathologic 
findings were present in 20% of the abdominal films and in 13% of the chest radiographs. 
The supine abdominal view and the erect chest study diagnosed normality or abnormality 
in 98% of these patients. The elimination of the erect abdominal view from the routine 
abdominal series could result in financial savings, decreased radiation exposure, and a 
more efficient use of technician time, without significant loss of diagnostic information. 


As medical expenditures continue to increase, the need to make more effective 
use of diagnostic imaging resources becomes increasingly important. This need is 
particularly relevant in light of newly established medical-payment systems. Abrams 
[1] has emphasized the current overutilization of diagnostic radiographs. In partic- 
ular, the excessive number of radiographs obtained for such examinations as skull, 
chest, or cardiac “series” and for IV pyelograms has been cited [2-7]. 

In general, the first radiographic evaluation of the abdomen includes at least an 
erect and a supine view. Frequently, an erect chest study is also obtained. 
Subsequent studies, including left lateral decubitus, cross-table horizontal lateral, 
prone, or oblique projections, may also be used for clarification of initial observations 
[8-11]. 

We reviewed the radiographs of 252 consecutive emergency-room patients 
presenting with abdominal pain or an “acute” abdomen in order to evaluate the 
relative diagnostic contribution of each view obtained in the abdominal series. 


Materials and Methods 


The abdominal and chest radiographs of 252 consecutive emergency-room patients 
presenting with abdominal pain or an acute abdomen were reviewed. At least two views of 
the abdomen, including a supine and an erect study, and an anteroposterior or posteroanterior 
chest radiograph, were obtained in every case. No attempt was made to alter the ordering 
habits or the number of views requested by the emergency-room physicians for the first 
radiographic evaluation. In some cases, additional views were requested by the staff radiol- 
ogist. The radiographs of all patients were presented in random order to three experienced 
staff radiologists without knowledge of the final clinical outcome. Clinical information obtained 
from each requisition was provided in an abbreviated form. Most of the examinations were 
requested to evaluate local or diffuse abdominal pain and to exclude pneumoperitoneum, 
bowel obstruction, or calculus disease. 

Each radiograph was interpreted and placed into one of 16 diagnostic categories, including 
obstruction, paralytic ileus, pneumoperitoneum, mass effect, mass lesion, foreign body, 
pathologic and nonspecific calcifications, ascites, abnormal gas collections, extraperitoneal 
disease, chest disease, bone or soft-tissue disease, organomegaly, possible intraluminal 
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mass, no specific abnormality, and miscellaneous. Positive observa- 
tions were further classified by a written comment. Disagreements 
on the interpretation of individual radiographs among the independent 
observers were resolved by consensus. Findings were considered 
significant if they were diagnostic for a particular disease process or 
if they were suspicious enough to warrant further clinical or radi- 
ographic investigation. Interpretations made independently for each 
radiograph in the abdominal series were then compared for each 
patient. 


Results 


Of the 252 abdominal series reviewed, 51 (20%) demon- 
strated a radiographic abnormality in the abdomen suggesting 
a specific diagnosis or requiring further investigation Clinically 
or radiographically (Table 1). There were also 29 abnormalities 
detected in the chest. In 30 (59%) of the 51 abdominal 
abnormalities, both the supine and erect views of the abdo- 
men demonstrated the radiographic abnormality. In 13 (25%) 
of the abnormal studies, the pathologic finding was observed 
on the supine but not on the erect abdominal view, while in 
eight (16%) of the cases, the finding was observed on the 
erect but not on the supine study. Of these eight cases, the 
observation of a right-upper-quadrant abscess and two cases 
of pneumoperitoneum were both made from the correspond- 
ing erect chest radiograph. In the remaining five cases, the 
radiologic finding did not alter the clinical diagnosis or man- 
agement. These cases included an apparent ileus, not con- 
firmed by clinical examination or follow-up; air in the biliary 
tree secondary to previous choledochoduodenostomy; an 
apparently abnormal gastric pattern suggesting the possibility 
of outlet obstruction, not confirmed Clinically; a case of local- 
ized lower abdominal ileus secondary to pelvic inflammatory 
disease in which the clinical examination and vaginal dis- 
charge had already suggested the diagnosis; and a case of 
right-upper-quadrant calcification (the cause of which was not 
discovered) that seemed to be of no clinical significance. 


TABLE 1: Supine vs Erect Abdominal Radiograph 














‘ No. of _ ca b c 
Observed Abnormality Patients sel See -SAE 
lleus 13 4 7 Pg 
Obstruction 6 5 0 1° 
Pancreatic calcification 6 6 0 0 
Abnormal gas collection 5 3 1 T 
Renal/ureteral calculi 4 4 0 0 
Biliary air 3 1 1 1 
lleus vs obstruction 3 3 0 0 
Ascites 2 1 1 0 
Pneumoperitoneum 2 0 0 2' 
Nonspecific calcification 2 0 1 1 
Splenomegaly 2 2 0 0 
Gallstones 2 0 2 0 
Foreign body 1 1 0 0 
Total 51 30 13 8 


a S = supine; E = erect. S = E means finding was seen equally well on both supine and 
erect veiws. 

> Finding was seen better or exclusively on supine view. 

€ Finding was seen better or exclusively on erect view. 

á Abnormality observed on erect chest radiograph. 

e One not confirmed clinically. 

f Not confirmed clinically. 
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Additional abdominal views such as a decubitus (or hori- 
zontal lateral) were obtained in only five (2%) of the 252 
patients, and again provided no new diagnostic information. 

Chest radiographs were considered abnormal in 33 (13%) 
of the 252 cases. In 29 cases, the disease was intrathoracic 
and in three it was intraabdominal. One was a case of raised 
hemidiaphragm of no Clinical significance. Atelectasis was the 
most frequently observed abnormality (18 patients). Other 
findings included pneumonia (three patients), pleural effusion 
(three patients), pneumoperitoneum (two patients), and 
congestive heart failure (two patients). A pulmonary paren- 
chymal mass, pulmonary abscess, pneumothorax, and hilar 
adenopathy were each observed once. In 24 of the 33 abnor- 
malities, the finding was demonstrated only on the chest 
radiograph. 


Discussion 


The purpose of this study was to assess the independent 
value of radiographs obtained in the “standard” abdominal 
series. Major texts of abdominal radiography recommend at 
least three views in the first evaluation of the acute abdomen, 
including a supine, erect, or lateral decubitus view, and a 
chest radiograph. In addition, subsequent evaluation, includ- 
ing prone, oblique, horizontal-lateral, or decubitus abdomen 
views, may be required to clarify observations made on the 
first series [8-11]. 

Abdominal radiographs are obtained to exclude or confirm 
a Clinical diagnosis. On occasion, an unsuspected diagnosis 
may be made from the abdominal series [12]. Plain radi- 
ographic evaluation of the abdomen is frequently ordered as 
a routine screening procedure to reassure the physician of 
patient normality. Unfortunately, only pneumoperitoneum and 
bowel obstruction are excluded, with nearly 100% reliability 
by a normal examination [12]. 

The abdominal radiographic series generally provides a low 
yield of positive diagnostic information. Eisenberg et al. [12] 
found that only 10% of 1780 examinations contained some 
radiographic abnormality. Brewer et al. [13] found abnormal- 
ities in 38% of the abdominal radiographs obtained in 427 
emergency-room patients with abdominal pain. Of these, only 
one-third provided specific diagnostic information and in no 
case did this information alter the clinical diagnosis [13]. In 
our series, the abdominal radiographs of 20% of the 252 
patients studied showed some radiologic abnormality in the 
abdomen, and most of these were acute problems (Table 1). 
The supine study alone detected 43 of the 51 abnormalities, 
and the only significant acute abnormalities that were missed 
were a Case of localized ileus caused by pelvic inflammatory 
disease (and diagnosed clinically) and two cases of pneumo- 
peritoneum, both of which were clearly demonstrated on the 
corresponding chest radiographs. Thus the erect film by itself 
did not contribute to the management of any of the acute 
abdominal abnormalities. 

Since intrathoracic disease such as pneumonia, pericarditis, 
myocardial or pulmonary infarction, or esophageal disease 
can masquerade as an abdominal emergency, the examina- 
tion of the chest radiograph is often performed as part of the 
routine radiographic abdominal series [14]. Furthermore, the 
erect chest radiograph is the most sensitive study available 
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for the detection of pneumoperitoneum [15]. In the series 2. Bell RS, Loop JW. The utility and futility of radiographic skull 
reported by Brewer et al. [13], abnormalities were found in examination for trauma. N Engl J Med 1971,284: 236-239 
15% of the chest radiographs obtained for evaluation of 3. Sagel SS, Evens RG, Forrest JV, Branson RT. Efficacy of routine 


abdominal pain, yet only 3% provided specific information 
that was helpful in making a diagnosis. In the present study, 
chest radiographs were abnormal in 33 (13%) of 252 patients, 
and although some of these abnormalities may not have been 
clinically significant, several, such as pneumothorax, pneu- 
monias, and pleural effusions, were diagnostic and thus af- 
fected clinical management. Since the erect and supine ab- 
dominal radiographs generally did not detect abnormalities in 
the thorax, we believe that the chest film is warranted, not 
only because of its ability to discover free intraabdominal gas, 
but because of its potential to detect primary thoracic disease. 

On the basis of current costs at our institution, we estimate 
that the elimination of the erect view from the three-film 
abdominal! series on a national scale would result in an annual 


screening and lateral chest radiographs in a hospital-based pop- 
ulation. N Engi J Med 1976;291:1001-1004 


_ Hillman B, Abrams HL, Hessel SJ, Herbert S, Benazzi RB, 


Gerson DE. Simplifying radiological examinations: the urogram 
as a model. Lancet 1979;1: 1068-1071 

Young JWR. Cutting needless films cuts costs. AJR 1983; 
140:1276-1277 

Young JWR, Anderson BL, Reinig JW. Oblique chest film: value 
in routine and selective use. AJR 1984;142:69-72. 

Leonidas JC, Schwartz R, Schwartz AM, McCauley RG, Darling 
DB. The one-film urogram in urinary tract infection in children. 
AJR 1983;141:61-64 


_ Samuel E, Laws JW. The acute abdomen. In: Sutton D, Granger 


RG, eds. A textbook of radiology. London: Churchill-Livingston, 
1975:806-818 


i i 9. Mindelzun RE, McCort JJ. Acute abdomen. In: Margulis AR, 
savings of $128,000,000 [16]. Repeat studies of the erect Burhesse HJ, eds. Alimentary tract radiology. St. Louis: Mosby, 
abdomen are obtained much more frequently than are supine 1983:391-480 
abdominal studies because of the poor quality of the film 10. McCort JJ. Radiographic examinations in blunt abdominal 


(Thommen MJ, unpublished data); this in turn leads to higher 
costs and inefficient use of technician time. Additionally, a 
gonadal dose of 207 mR (53 uC/kg)/film for men and 437 mR 
(112 uC/kg)/film for women could be saved by eliminating the 
erect radiograph of the abdomen [17]. 

In conclusion, our study demonstrates that the erect view 
of the abdomen could be eliminated from the standard “ab- 
dominal series” without loss of significant diagnostic infor- 
mation. We recommend a two-view study, including the su- 
pine abdomen and erect chest radiograph, in the screening 
evaluation of abdominal pain. Elimination of the erect view 
would not only be cost-effective but would also decrease 
radiation exposure. In selected cases, further views may be 
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The Radiologic Clinics of North America. Use of Computers in Radiology. Guest Editor: Ronald B. Arenson. 


Philadelphia: Saunders, March 1986;241):1-133. $22.95 


Computers are an important part of radiology. Adequate knowl- 
edge of thelr present and future potential and their limitations for 
radiology (and for everyday life) is becoming mandatory. This issue 
of the Radiologic Clinics “is an attempt to present the current uses 
of computers in radiotogy and to present the new horizons for 
automation that seem most promising in the near future.” The quality 
of the issue is up to the usual high standards of the Radiologic Clinics 
and fulfills the editor’s started purpose well. 

The book starts In a traditional fashion with detailed discussions 
of various aspects of departmental management: registration and 
scheduling, automation of fiim lIbrary functions, radiology reporting, 
and monitoring department efficiency and quality. It then branches 
into digita-image management and teleradiology. All of these respec- 
tive chapters are by well-recognized experts {as are all the chapters 
in the book) and contain a wealth of useful information. One of the 
strengths of this volume is the compiete reference Ist found with the 
chapters. Most of the authors report their experiences with systems 
or techniques that they themseives developed and that are consid- 
ered to be the state-of-the-art in the field. 

The second half of the book contains chapters with interesting and 
somewhat nontraditional subject matters: visual-perception and im- 
age-display terminals, automated Image analysis, office automation, 
teaching with computers, computer-aided diagnostic strategy selec- 
tion, and information integration for the imaging specialist. These 
chapters, In general, are more oriented toward future computer 
applications, rather than offering many specifics for the practicing 
radiologist. They mainty provide the reader with Insight concerning 


Radiology of Liver Circulation. By C. L’Herminé. Boston: 


This book by C. L’Herminé contalns eight chapters written by the 
author. The volume is devoted to the angiographic study of portal 
hypertension. The normal hepatic circulation and the various tech- 
niques’ employed in the angiographic study of the liver are briefly 
discussed. Covered in depth are the angiographic signs of portal 
hypertension and their hemodynamic significance. The anglographic 
findings in presinusoldal and postsinuscidal obstructions are pre- 
sented. The contribution of arterioportography to the treatment of 
portal hypertension is reviewed. 

The angiographic study of the liver has made a major contribution 


applications just on the horizon and familiarize one with the buzz- 
words and concepts that wil become increasingly important In our 
personal and professional lives. The chapters on visual perception 
and Image-display terminals and information Integration for the im- 
aging specialist also emphasize some aspects of radiology that are 
very important for our day-to-day work situation, but are litte appre- 
ciated. 

This book gives a good review of the computer and its place in 
radiology. It describes the present state-of-the-art and hoped for 
future developments. The ifustrations are excellent and weil placed. 
My only criticisms are minor. There is no introductory material for 
someone who has litte computer background. An opening chapter 
on the history and structure of the computer would have been helpful. 
in Tact, these topics are superbly introduced in the chapter on 
automated image analysis. It would have been better if this material 
could have been separated from the main body of that chapter and 
expanded to a full Introductory chapter in itself. A glossary of com- 
puter terms and relevant radiology-related computer acronyms would 
also have been useful. Nevertheless, the book is put together well 
and is recommended for all radiologists, not just those with a special 
interest in computers. The beginner wil get a good Introductory 
overview of the field, and the expert will find reference material for 
more in-depth study. 


Tim B. Hunter 
University of Arizona Health Sciences Center 
Tucson, AZ 85724 


Nijhoff, 174 pp., 1985. $60 


to our understanding of the dynamics of the hepatic circulation. This 
wel-lllustrated book discusses the angiographic findings seen in 
portal hypertension and the hernodynamic significance of these find- 
ings and is recommended for physicians with a special interest in the 
liver. 


Charles J. Tegtmeyer 
University of Virginia 
Charlottesville, VA 22908 
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The V-Shaped Artifact of 
the Gallbladder Wall 





Among 20,000 patients who had undergone abdominal or gallbladder sonographic 
examinations, 36 had a short V-shaped artifact originating from an hyperechoic focus 
in the gallbladder wall. Associated symptoms were varied and nonspecific. The 10 
gallbladders excised because of associated cholelithiasis showed a thickened wall, and 
seven patients had diverticulosis of the wall with impacted stones. In vitro sonographic 
examination of five gallbladders reproduced the “V” artifact and showed that it origi- 
nated from a small intramural cholesterol stone. The V artifact should be distinguished 
from the larger comet-tail and ring-down artifacts, which arise from metal or gas. 


Air within the gallbladder wall may give rise to an echo-dense focus trailed by 
one or several long hyperechoic streaks, termed the “ring-down artifact” by Avruch 
and Cooperberg [1]. This appearance is a sign of emphysematous cholecystitis [2, 
3]. Metallic clips may produce a similar appearance, termed the “comet-tail artifact” 
[4]. 

We have recently observed a third type of hyperechoic structure with a short, V- 
shaped hyperechoic tail in patients who did not have air or metal clips in the 
gallbladder fossa. We report our experience with 36 patients who had one or 
several hyperechoic foci originating from the gallbladder wall. Each focus was 
accompanied by a short V-shaped tail or artifact. We relate this sonographic finding 
to the clinical state in 36 patients and to the microscopic appearance of the 
gallbladder in 10 patients. 


Subjects and Methods 


Over the past 7 years, we have performed abdominal sonography on over 20,000 patients. 
In all of these the gallbladder was examined carefully. In 36 patients, we found a V-shaped 
acoustic artifact of the gallbladder wall. The group consisted of 24 women and 12 men, 25 
to 76 years old (mean age, 51 years). Sonographic evaluation of the gallbladder was done 
with commercially available real-time sector-scanner equipment and appropriate transducers 
(usually 5 MHz). The sonographic findings were compared to the clinica! condition of the 
patients at the time of the initial examination and, in 10 patients, to results at follow-up 
examinations, whose durations extended from 3 months to 3 years. 

Ten patients underwent cholecystectomy. In five of these, direct sonographic-pathologic 
correlations were available. In the latter cases the cystic duct was ligated, and the gallbladder 
was Studied together with its contained bile. In vitro scans of the specimen were obtained 
using a 5- or 7.5-MHz sector scanner in a water bath. A needle was inserted at the origin of 
the acoustic artifact and histologic sections were taken from the same site. Two stones, one 
2 mm and one 5 mm in diameter, were taken from the wall of one of the specimens and 
scanned in a water-and-gel bath with a 7.5-MHz transducer. 
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Results 


Clinical Findings 


Ten patients who presented with symptoms of acute biliary 
disease and had gallstones diagnosed by sonography under- 
went surgery. In all patients, gallstones were found and were 
thought to be the cause of the cholecystitis. Seven patients 
with right-upper-quadrant pain had no gallstones on sonog- 
raphy and were not operated on. Three patients with symp- 
toms of gallbladder disease and gallstones were treated 
medically. The other 16 patients had no symptoms of biliary 
disease, although four of them had concomitant cholelithiasis. 


Sonographic Findings 


The 36 patients showed a similar sonographic finding: a 
small V-shaped hyperechoic image from within the anterior 
wall projecting into the gallbladder lumen (Fig. 1). In seven 
patients a similar artifact originated from the posterior wall as 
well, projecting either into the inferior vena cava (Fig. 2A) or 
into the liver parenchyma (Fig. 2B). In most (28 of 36 patients), 
more than one V-shaped artifact was visualized; four patients 
had more than 10 (Fig. 3). 

Localized (in 14 of 36 patients) (Fig. 1) or generalized (in 10 
of 36 patients) (Fig. 3) thickening of the gallbladder wall was 
seen in 24 patients. In the others the gallbladder wall was of 
normal thickness. 

Sonographic signs of associated gallbladder disease were 
frequent. Stones were found in 17 patients (Fig. 4) and polyps 
in five patients. Follow-up examinations done 3 months to 3 
years later in 10 patients did not reveal any change in the 
appearance of the artifact. 

In vitro sonography confirmed the preoperative findings in 
five gallbladders suspended in a water bath (Fig. 3). The short 
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V-shaped artifact was found to originate from the anterior 
wall. When the gallbladder was lifted so that its posterior wall 
was surrounded with water, identical echees were also seen 
arising from the posterior wall. 

A 2 X 3mm intramural stone removed from the wall of one 
of the five gallbladders was examined in a gel and in a water 
bath. The V artifact was seen behind the stone in both gel 
and water examinations. Macroscopically, this stone was 
considered to be a cholesterol stone, although chemical analy- 
sis was impossible because of its tiny size. Similar sono- 
graphic examination of the larger stone, which was found to 
consist of calcium bilirubinate on chemical analysis, did not 
produce the V artifact. 


Histopathologic Findings 


Histologic examination of the 10 gallbladders excised 
showed thickening (4-15 mm) of the wall, acute or subacute 
inflammation, and stones in the lumen of the gallbladder. In 
eight gallbladders, Rokitansky-Aschoff sinuses were en- 
larged, and in seven of these bilirubinate or cholesterol stones, 
or both, were seen within the sinuses. 


Discussion 


Two acoustic artifacts, the ring-down and the comet-tail, 
have recently been described [1, 4]. The ring-down artifact, 
one of the artifacts noted most frequently in routine clinical 
sonography, appears as a long, solid hyperechoic streak or 
as a series of parallel bands radiating away from gas collec- 
tions. Although the ring-down artifact may occur in emphy- 
sematous cholecystitis [2, 3] (Fig. 5), it is rarely seen in this 
condition, probably because air is usually found in the lumen 
of the gallbladder rather than within the wall. The comet-tail 





Fig. 1.—Typical V artifact. Longitudinal sonogram 
of gallbladder in 47-year-old asymptomatic woman. 
Short V-shaped hyperechonic image (arrow) origi- 
nates from locally thickened anterior wall and projects 
into lumen. 


Fig. 2.—Posterior gallbladder wall gives rise to V artifact when surrounded by a favorable acoustic 
medium. A-B, Longitudinal sections. A, In 25-year-old woman with symptoms of gallbladder disease, two 
V artifacts (arrows) project into the inferior vena cava. B, In 44-year-old asymptomatic man, one V artifact 
projects into adjacent liver parenchyma. 
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artifact may appear identical to the ring-down artifact [1], 

even though its origin is a metallic object rather than air [4]. 
The artifact seen in our population differs from the foregoing 

two in that it is shorter and V-shaped rather than resembling 


Fig. 3.—Greatly thickened gallbladder 
wall in 52-year-old woman with symptoms 
of recent acute cholecystitis. A, Longitu- 
dinal sonogram. Greatly thickened gall- 
bladder wall (arrowheads) gives rise to 
multiple anteroposterior V artifacts (ar- 
rows). B, CT after administration of oral 
cholecystographic agent confirms thick- 
ening of gallbladder wall and absence of 
air within it. Multiple-diverticula in gallblad- 
der wall are due to adenomyomatosis. C, 
Sonogram of excised gallbladder in water 
bath. V artifacts project into lumen but 
not behind posterior wall, which lies on 
bottom of bath. D, Sonogram of excised 
gallbladder suspended in water bath and 
lifted to allow water to bathe its posterior 
wall. V artifacts originate also from pos- 
terior wall and project into water behind 
it. E, Longitudinal section. Thick fibrotic 
wall contains cholesterol crystals (arrows) 
and frank stones within diverticula (arrow- 
heads). 


Fig. 4.—V artifact with concomitant 
gallstones in 42-year-old woman with re- 
current right abdominal pain. Longitudinal 
sonogram shows large gallstone (arrows) 
and several V artifacts originating from 
otherwise normal gallbladder wall. At mi- 
croscopy artifact was found to originate 
from small intramural stones. 


Fig. 5.—Longitudinal sonogram of the 
gallbladder in 61-year-old man with em- 
physematous cholecystitis. Two classic 
ring-down artifacts originate from anterior 
wall (black arrows) and one arises from 
posterior wall (white arrows). These arti- 
facts are linear rather than V-shaped and 
far longer than V artifact. 


a comet-tail. It almost certainly originates from stones em- 
bedded in the gallbladder wall. Stones have been known to 
occur within the gallbladder wall in chronic cholecystitis since 
1948 [5]. Such stones may be accompanied by acoustic 
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shadows [6], although we did not observe these in our 
patients. With inflammation, the continuity of the muscular 
layer is lost and diverticula (Rokitansky-Aschoff sinuses) may 
be formed by herniation of the mucosa into the perimuscular 
layer [7]. These diverticula may or may not have continuity 
with the lumen and may contain bile, bile pigments, cholesterol 
crystals, or true calculi. Rosai [7] termed this form of chronic 
cholecystitis diverticulosis in preference to the term adeno- 
myomatosis introduced by Jutras et al. [8]. Adenomyomatosis 
represents a less frequent, exaggerated form of diverticulosis 
associated with muscular hyperplasia. Diverticulosis of the 
gallbladder may be asymptomatic or associated with abdom- 
inal pain [7, 8], and surgical treatment depends on the clinical 
condition and coexistence of gallstones [9]. 

In this series, all the gallbladders examined microscopically 
showed thickened walls, and most had stones impacted 
within the wall. The V artifact remained clearty visible in the 
five gallbladders examined by sonography in vitro, and a 
histologic examination of the site of the artifact revealed 
diverticulosis with embedded stones. A small stone, thought 
to be pure cholesterol, isolated from a diverticulum and ex- 
amined by sonography in a water or gel bath reproduced the 
V artifact, whereas a larger calcium-bilirubinate stone failed 
to do so. These findings suggest that the V artifact is pro- 
duced by a cholesterol (or a mixed cholesterol and bilirubinate) 
stone embedded in the gallbladder wall. The stone probably 
offers a strong acoustic mismatch to the sound wave, creating 
a hyperechoic V-shaped streak. This streak is shorter than 
the comet-tail artifact because the acoustic mismatch created 
by a stone Is smalier than that produced by air or metal. 
Another possible explanation may be that the sound wave 
enters the stone and reverberates within or between choles- 
terol crystals to set up a series of sound waves, creating a 
streak. Cholesterol stones in the lumen of the gallbladder may 
aiso cause small reverberation. artifacts [10]. 

In vivo, the V artifact was usually seen in the anterior wall 
where it overlay bile, unless the posterior wail was also 
projected over a favorable acoustic medium, such as the 
inferior vena cava or liver. In vitro, the V artifact was seen 
both anteriorly and posterforty If the gallbladder was lifted in 
the water bath so that both walls were surrounded by water. 
tt is important to distinguish the V artifact of the gallbladder 
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wall (hyperechoic focus, short hyperechoic tail} from the 
comet-tail and the ringdown artifacts (hyperechoic focus, 
long comet-shaped tail) and frorn the tiny hyperechoic focus 
(without a tail) produced by a gallbladder wall microabscess 
[11]. 

In conclusion, the V artifact of the gallbladder wall appears 
to originate from a cholesterol stone impacted in a gallbladder 
wall diverticulum. t accompanies chronic gallbladder wall 
inffammation. It does not, however, signify acute cholecystitis. 
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Sonographic Diagnosis of 
Klatskin Tumors 





The sonograms of 14 patients with pathologically proven Klatskin tumors presenting 
between 1974 and 1985 were reviewed. All 14 patients demonstrated dilated intrahepatic 
bile ducts with a normal-sized extrahepatic biliary tree. In seven patients this was the 
only finding. The other seven patients demonstrated one or more additional abnormali- 
ties. These included an apparent intraductal mass at the confluence of the right and left 
intrahepatic ducts (four patients), enlarged portal lymph nodes (two patients), and 
hepatic metastases (one patient). With one exception, these additional findings were 
seen only in patients scanned after 1980, that is, using real-time sonography and up-to- 
date scanners. The presence of dilated intrahepatic ducts in a patient with a normal 
extrahepatic biliary tree should raise the possibility of Klatskin tumor. With high- 
resolution real-time sonography, further evidence suggestive of malignancy can be 
demonstrated in at least 50% of patients. 


Klatskin tumor is a cholangiocarcinoma arising at the confluence of the right and 
left hepatic ducts [1]. Although this is an uncommon lesion, it is well described in 
the surgical literature [2-4], and the CT appearances have recently been reviewed 
[5]. Classically, it is suspected in patients with obstructive jaundice who have 
stenosis or occlusion of the bile ducts near the porta hepatis demonstrated on 
percutaneous transhepatic cholangiography (PTC) [6]. Sonography is now the 
most common initial examination in the patient with obstructive jaundice. Sono- 
graphic findings in Klatskin tumor, however, are not well known, and a single 
previous report described the sonographic appearance in only three cases [7]. We 
therefore reviewed the sonographic findings in 14 patients with proven Klatskin 
tumor. 


Subjects and Methods 


During the period from January 1974 to January 1985, 23 patients passed through 
Vancouver General Hospital with a clinical diagnosis of Klatskin tumor. A retrospective chart 
review was performed, and only those patients who had pathologically proven carcinoma 
(with the site confirmed by cholangiography, surgery, or autopsy) and who had undergone 
sonographic examination were included. Using these criteria, 14 of the 23 could be included 
in the study. 

The patients ranged in age from 53 to 80 years (mean, 63). Eleven were men. The first 
two patients were examined only with static scanners, the remainder with various high- 
resolution real-time scanners. Pathologic material was obtained at surgery in eight patients, 
by fine-needle aspiration biopsy in three, at autopsy in two, and by percutaneous brush 
biopsy in one. Confirmation of the sonographic findings was obtained in all patients. All had 
PTC or ERCP showing strictures of varying degrees in the region of the bile-duct confluence. 

Nine patients were hospitalized with a clinical diagnosis of Klatskin tumor during the study, 
but were excluded from this series. Two elderly patients with lesions demonstrated by 
sonography and PTC refused further investigation or treatment. Three patients had biopsies 
performed at surgery, but no malignant cells were found. Two patients treated with external 
biliary drainage had multiple negative cytologic examinations of the bile. A single patient 
biliary drainage had multiple negative cytologic examinations of the bile. A single patient 
admitted in 1974 had a proven Klatskin tumor, but had no sonography before surgery: in 


510 MACHAN ET AL. 


another patient with biliary obstruction at the hilar level, biopsy of one 
of myriad liver metastases provided malignant cells, but the tumor 
was so anaplastic that a definite site of origin could not be defined. 


Results 


On sonography, all 14 patients had dilated intrahepatic 
ducts with normal-sized common hepatic and common bile 
ducts (Fig. 1). This was the only abnormality seen in seven of 
the 14 patients, one of whom was examined only with a static 
scanner and six with real-time sonography. Two of these 
patients had CT scans of the upper abdomen, and no mass 
or ductal thickening in the region of the porta hepatis was 
detected. 

The remaining seven patients had findings in addition to 
dilated intrahepatic ducts. The appearance of an intraductal 
echogenic mass was demonstated in the region of the conflu- 
ence of the right and left hepatic ducts (Figs. 2-4) in four 
patients, one of whom also had hepatic metastases. Two 
patients demonstrated enlarged portal lymph nodes (Fig. 5), 
and in another patient there was a 1-cm echogenic nodule of 
unknown cause in the portal vein. 
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Discussion 


Cholangiocarcinoma at the confluence of the right and left 
hepatic ducts was initially described by Altmeier et al. [8] in 
1957. However, Klatskin (in 1965 [1]) was the first to define 
hilar cholangiocarcinoma as a separate Clinical entity in 1965. 
Hilar cholangiocarcinomas are seen in approximately 0.01% 
of autopsies, and there is an increased frequency in chronic 
ulcerative colitis, cystic diseases of the liver and biliary tree 
(such as Caroli’s disease), and in patients infested with Clon- 
orchis sinensis [9]. Most series describe a male preponder- 
ance with an average age that is lower than that of other 
biliary-tract carcinomas [10]. Klatskin tumors are usually mi- 
croscopically well differentiated and grossly of the sclerosing 
type (causing diffuse annular thickening of the bile duct) 
[11]. Cholangiocarcinomas arising more distally are most 
often nodular or papillary. 

Klatskin tumors have a worse prognosis than do more 
distal cholangiocarcinomas [12]. Access is difficult for the 
Surgeon, and although the hilar region can be easy to visualize 
on either sonography or CT, there usually is no significant 
mass. In the past, diagnosis was usually made only at au- 


Fig. 1.—Klatskin tumor. A, Longitudi- 
nal real-time sonogram through right lobe 
of liver showing the “too many tubes” sign 
of dilated intrahepatic ducts. B, Longitu- 
dinal oblique scan through porta hepatis 
showing dilatation of intrahepatic bile 
ducts abruptly tapering (arrow) at porta 
hepatis to a normal-sized common he- 
patic duct. No mass was present. 


Fig. 2.—Klatskin tumor. A, Percuta- 
neous transhepatic cholangiogram dem- 
onstrating dilatation of right and left he- 
patic ducts with obstruction at the hilus. 
B, Longitudinal oblique sonogram through 
porta hepatis showing dilatation of intra- 
hepatic ducts with mass (arrows) in com- 
mon hepatic duct. 
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Fig. 3.—Klatskin tumor. A, Longitudinal oblique sonogram through porta of main and right portal veins posterior to mass (arrows) in common hepatic 
hepatis demonstrating mass (arrows) in common hepatic duct. B, Magnified duct. 
view of intraductal mass. C, Transverse section demonstrating long axis view 


Fig. 4.—Klatskin tumor. A, Longitudi- 
nal oblique sonogram through porta he- 
patis showing 1 x 1.5 cm mass (arrows) 
in common hepatic duct on first scan. B, 
Longitudinal oblique scan 6 months later 
showing mass extending beyond lumen 
and measuring 4.5 x 2.5 cm (arrows). 


Fig. 5.—Klatskin tumor with porta he- 
patis mass. A, Transverse sonogram 
through porta hepatis showing two 2 x 2 
cm portal lymph nodes (arrows). B, Trans- 
verse sonogram 5 months later showing 
one of the lymph nodes now measuring 
4.5 x 2.5 cm. 
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topsy, and it is still common for the tumor to be missed at 
laparotomy and diagnosed later on [13]. Even with adequate 
visualization, attempted pathologic confirmation by fine- 
needle or even surgical biopsy can be thwarted by fibrosis 
surrounding the tumor. In one case, two negative fine-needle 
aspiration biopsies and one negative bile cytology were per- 
formed before fluoroscopically directed percutaneous brush 
biopsy of the ductal wall, and all yielded malignant cells. One 
patient had multiple biopsies taken at laparotomy, all of which 
were benign, so a postoperative sonography-guided fine- 
needle aspiration biopsy was performed, returning malignant 
cells. 

Other causes of bile-duct narrowing in the portal region 
include sclerosing or suppurative cholangitis (Fig. 6), benign 
strictures (idiopathic, postinflammatory, or postoperative), be- 
nign bile-duct tumors, metastatic lesions (Fig. 7), and proximal 
spread of carcinomas of the biliary tract arising more distally, 
which may be mistaken for Klatskin tumors unless their full 
extent is appreciated. Portal lymphadenopathy, from meta- 
Static disease or lymphoma, may cause extrinsic biliary-duct 
compression, and may be difficult to differentiate from Klatskin 
tumor sonographically if the nodes are small. 

In our first cases, the sonographic findings were dilated 
intrahepatic ducts with normal extrahepatic bile ducts, and 
the neoplasm was not seen. With improved sonographic 
resolution and heightened sonologist awareness, the tumor 
mass, if present, was more frequently visualized among pa- 
tients presenting later in this series. An apparent intraductal 
mass was seen in four cases. Although the sonographic 
appearance was of a discrete intraductal mass, these lesions 
are usually sclerosing carcinomas, and their appearance on 
sonography may be due to mural thickening with apposition 
of the opposing walls. A significant increase in tumor bulk 
was seen on serial sonographic scans in two cases. The first 
exam of one patient demonstrated a small discrete intraductal 
mass. Follow-up examination 6 months later demonstrated a 
large extraluminal extension of this mass into the surrounding 
liver parenchyma (Fig. 4). Two 2-cm portal lymph nodes were 
seen in the first scan of one patient. Five months later, 
significant extraluminal tumor mass was found (Fig. 5). In 
another patient, a discrete 1-cm echogenic nodule was seen 
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Fig. 6.—Sclerosing cholangitis. Longi- 
tudinal oblique sonogram through porta 
hepatis showing thickening of walls and 
resultant narrowing of lumen of common 
hepatic duct. Note right hepatic artery 
anterior to duct and bifurcating portal vein 
posterior to it. 


Fig. 7.—Colonic carcinoma metastatic 
to bile duct. Longitudinal oblique scan 
through porta hepatis showing dilated in- 
trahepatic ducts with mass in common 
hepatic duct (arrows). 


within the lumen of the portal vein. Hilar cholangiocarcinomas 
are known to invade or compress the portal vein. The cause 
of this lesion was not defined, however. 

We conclude that whenever dilated intrahepatic bile ducts 
are encountered in a patient with a normal extrahepatic biliary 
tree, a search should be made in the hilar region for intra- 
ductal echoes or surrounding tumor mass, and the possibility 
of Klatskin tumor should be considered. With high-resolution 
real-time sonography, further evidence of malignancy can 
frequently be found. 
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Cholangiocarcinoma as a 
Late Complication of 
Choledochoenteric 
Anastomoses 





Two cases of cholangiocarcinoma developing several years after choledochoenteric 
anastomoses are reported. It is speculated that these may represent heretofore unrec- 
ognized late complications of this procedure. The intermittent chronic obstruction with 
bile stasis and recurrent inflammation may be causative factors in the development of 
cholangiocarcinoma after choledochoenterostomy. 


Well-known complications of choledochoenteric anastomoses include strictures, 
ductal stones, and biliary cirrhosis. Therapeutic management of these conditions 
by percutaneous interventional techniques such as transhepatic catheterization, 
basket stone removal, and balloon dilatation have been previously described [1, 
2]. To our Knowledge, cholangiocarcinoma as a complication or as an associated 
finding in this group of patients has not yet been reported. 


Two cases of cholangiocarcinoma occurring several years after choledochoen- 
teric anastomoses performed for benign strictures of the common bile duct are 
reported. The first patient developed a cholangiocarcinoma at the anastomotic site 
17 years after choledochoenterostomy, and the second developed an adenocarci- 
noma of the common hepatic duct 10 years after choledochoduodenostomy. 


Case Histories 
Case 1 


Seveteen years before the present admission, a 64-year-old man had undergone chole- 
dochoenteric anastomosis after sustaining bile-duct transection during cholecystectomy for 
cholelithiasis. His postoperative course had been complicated by abscess formation that 
necessitated multiple surgical drainages and an indwelling T-tube for 4 years. He had been 
well until a few days before admission, at which time he had experienced epigastric pain, 
fever, and increasing jaundice. During his stay in the hospital, bilirubin levels rose from 10.9 
to 21.7 mg/dl over a period of 4-5 days. Sonography revealed dilated intrahepatic ducts, and 
percutaneous transhepatic cholangiography showed an obstructing lesion of the common 
hepatic duct at the anastomosis, with proximal extension involving intrahepatic ducts (Fig. 1). 
Fine-needle aspiration cytology of this region was negative for malignancy. Two internal 
biliary-drainage catheters were inserted percutaneously, one draining each lobe of the liver. 
The bilirubin level promptly decreased to 3.1 mg/dl and the patient was discharged with the 
internal biliary-drainage catheters. Four weeks later, the strictures were dilated with balloon 
catheters, and two 14-French catheters were left in as stents. He tolerated the procedure 
well, but died several days later of cardiac arrest. Autopsy revealed severe coronary 
atherosclerosis and extensive myocardial infarction. Cholangiocarcinoma was found in the 
porta hepatis at the junction of the main hepatic ducts just proximal to the anastomosis. The 
small bowel adjacent to the anastomosis was normal. 

Microscopically the tumor was a poorly differentiated cholangiocarcinoma with a dense, 
fibrous stroma infiltrating the liver and portal lymphatics. 


514 HERBA ET AL. 


AJR:147, September 1986 





Fig. 1.—Transhepatic cholangiogram in patient with choledochoenteric 
anastomosis (case 1) shows narrowing of common bile duct (c/osed arrow) at 
level of anastomosis due to cholangiocarcinoma. There is also proximal exten- 
sion along intrahepatic ducts (open arrows). 


Case 2 


A 52-year-old woman had undergone a cholecystectomy for cho- 
lelithiasis 19 years before her present admission. Nine years after the 
cholecystectomy, a choledochoduodenostomy had been done at 
another hospital for recurrent episodes of abdominal discomfort 
atttributed to a dysfunction or recurrent spasm of the sphincter of 
Oddi. At the time of her current admission, she presented with 
anorexia, mild jaundice, and features of cholangitis. Because of 
progressive jaundice, a percutaneous biliary-catheter drainage was 
done from the left hepatic duct using an anterior-epigastric approach. 
A cholangiogram at the time of the drainage procedure (Fig. 2) 
revealed a moderate stenosis approximately 2-3 cm long immediately 
proximal to the choledochoduodenostomy anastomosis. An endo- 
biliary-forceps biopsy of the narrowed segment in the bile duct 
showed a papillary and infiltrating cholangiocarcinoma. Death oc- 
curred several months later; no autopsy was performed. 


Discussion 


Diseases known to exist with cholangiocarcinoma include 
chronic ulcerative colitis, infestation with clonorchis sinensis, 
hepaticolithiasis, papilloma, choledochocyst, sclerosing cho- 
langitis, and biliary obstruction [3-5]. Cholangiocarcinoma 
occurring as a possible late complication of choledochoenteric 
anastomosis has not been previously reported. The disease 
in our two patients was characteristic of bile-duct carcinoma. 

The pathogenesis of cholangiocarcinoma after chole- 
dochoenteric anastomosis is uncertain; several factors may 
be implicated such as gallstones, bile stagnation, recurrent 


Fig. 2.—Cholangiogram performed during course of percutaneous catheter 
drainage reveals moderate smooth narrowing of the common hepatic duct 
(long white arrow), the site of endobiliary biopsy. Immediately distal to this is a 
portion of duodenum (arrowhead) forming anastomosis with bile duct (open 
arrow). Right lobe of liver is atrophic. 


biliary infection, and chronic inflammation. The role of gall- 
stones is not well established. Kuwayti et al. [6] found stones 
in 25 of 63 autopsied cases of cholangiocarcinoma; however, 
in a Japanese series [7], stones were present only in 10 of 
57 cases. Our two patients had undergone cholecystectomies 
for gallstones 16 years and 19 years, respectively, before 
admission. 

Recurrent biliary infection has been implicated as a predis- 
posing factor in the development of cholangiocarcinoma in 
patients with clonorchis sinensis infestation [8, 9]. Whether it 
is the infection alone or an association with some unknown 
factor that predisposes to malignancy is uncertain [9]. Since 
after choledochoenteric anastomosis there is often a variable 
degree of partial biliary obstruction that leads to recurrent 
infection, this may predispose to the development of cholan- 
giocarcinoma. 

An increased incidence of carcinoma has been noted in 
patients with congenital bile-duct cysts. Todani et al. [3] 
reported four cases of carcinoma arising in association with 
congenital bile-duct cysts in 49 patients, a prevalence of 8.2%. 
In addition, they reviewed 63 other reported similar cases of 
carcinoma. Of these 63 cases, 36 (57.1%) previously under- 
went various internal-drainage procedures, mainly chole- 
dochocystoduodenostomy and _ choledochocystojejunos- 
tomy, and the carcinoma developed in the biliary tract 1 to 32 
years (and usually less than 10 years) after the first surgery. 
Considering the findings in this series and in our report of two 
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cases, if a definite relationship between previous biliary enteric 
anastomosis and later development of carcinoma does in fact 
exist, an iatrogenic complication might be created and the 
surgical management of congenital bile-duct cysts would have 
to be reevaluated. 

Our two cases were discovered over a period of 10-15 
years from two large referral centers (Montreal General Hos- 
pital and Hopital Edouard Herriot, Lyon, France), without a 
Statistical analysis being performed. A review and long-term 
follow-up of a large series of patients with biliary enteric 
anastomoses would be necessary to determine the true inci- 
dence of possible complicating carcinoma of the biliary tract. 

According to a report by Kimura et al. [10], an increased 
incidence of gallbladder carcinoma occurred in patients with 
an anomalous union of the common bile duct and pancreatic 
duct, that is, when the distance between the point of union 
and the papilla of Vater was greater than 15 mm. In case 1 
this information is not available, but in case 2 an endoscopic 
retrograde cholangiopancreatography revealed this anatomy 
to be normal. 

In the course of investigating and managing patients with 
complications of choledochoenteric anastomoses, the possi- 
bility of cholangiocarcinoma should be considered. Although 
the relationship of cholangiocarcinoma and choledochoenteric 
anastomoses is uncertain anc clarification will entail further 
detailed large-scale study, the chronic partial obstruction with 
bile stagnation and recurrent inflammation of the bile ducts 
associated with this procedure may represent possible patho- 
genic factors in the development of malignancy. 
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Case Report 


~ 


Cholangiocarcinoma in a Choledochal Cyst: Preoperative 


Diagnosis 
Margaret A. Montana’ and Charles A. Rohrmann 


Carcinoma is a recognized complication of choledochal 
cysts with a reported frequency of 3 to 28% in recent studies 
[1, 2]. The risk of cholanglocarcinoma increases with age. In 
the first decade, the prevalence of cyst-associated carcinoma 
is approximately 0.7% and increases to 14.3% after the age 
of 20 years [3]. The prognosis of the malignancy has remained 
poor because of the extensive local and/or regional spread 
and multicentricity of the tumor [1]. 

This report illustrates the sonographic, CT, and ERCP 
appearance of focal superficial cholanglocarcinoma in a cho- 
ledochal cyst without evidence of regional spread or meta- 
static disease. With no evidence of malignant spread, the 
patient was treated with trisegmentectomy. 


Case Report 


A 33-year-old woman presented with a second episode of right 
upper quadrant pain and low-grade fever. The pain was cramping, 
radiated to the right subscapular region, and often occurred post- 
prandially. Nausea and vomiting became frequent. A similar episode 
2 months before admission had resolved within 24 hr, and no dlag- 
nostic workup was undertaken at that time. 

Physical examination confirmed mild right upper quadrant tender- 
ness. No mass was palpable. Laboratory parameters were normal. 
Sonography Identified a 4 x 7 cm right upper quadrant cystic mass 
without peristalsis or vascular flow. A single area of incomplete 
septation was documented in the cephalad portion of the mass. The 
common hepatic duct measured 7 mm. The gallbladder was anterior 
to and separate from the cystic mass. CT was accomplished with 
oragrafin opacification and confirmed the biliary nature of the cystic 
mass (Fig. 1). A thickening of the superlor-anterior portion of the 
mass correlated with the sonographic findings, and an ERCP was 
obtained. Prompt filling of the choledochal cyst occurred with can- 
nutation of the ampulla. A scalloped, somewhat irregular margin was 
identified near the cystic duct junction with the choledochal cyst, and 
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neoplasm was suggested (Fig. 2). Anomalous pancreaticoduodenal 
ductal anatomy was also evident. Subsequent abdominal anglogra- 
phy with CT anglographic correlation better delineated the cystic wall 
thickening, but no regional or distant extension of disease was 
demonstrated. With the Imaging techniques supporting an attempt 
for resection, trisegmentectomy with choledochocystectomy, hepa- 
tojejunostomy, and cholecystectomy were undertaken. Histologically, 
a small focus of tumor extension was Identified In a lymphatic vessel 
of the right hepatic lobe, but surgical margins were otherwise free of 
disease. No other therapy was given pending liver regeneration, but 
recurrent tumor developed locally and as peritoneal implants within 6 
months postoperatively. The patient remains under supportive care 
one year after diagnosis. 


Discussion 


Although typically considered a disease of childhood, 20% 
of choledochal cysts are first discovered in adulthood [1, 4, 
5]. The classic triad of right upper quadrant mass, intermittent 
jaundice, and pain occurs in only 20% of adult patients [5]. 
One element of the triad will typically be present [5]. Addition- 
ally, the adult patient often has other associated hepatobiliary 
abnormalities or pancreatitis [1, 5]. 

Management of the aduit patient with a choledochal cyst Is 
complicated by associated hepatobiliary disease, pancreatitis, 
and the age-related increase in carcinoma [1]. 

Although malignancy in a choledochal cyst can arise de 
novo as in this patient, many of the reported carcinomas have 
developed in patients whose cysts had been decompressed 
by Internal drainage, most commonly cystoduodenostomy [1, 
2]. Some authors speculate that the degenerated mucosa of 
a choledochal cyst that has been internally drained is at risk 
for carcinoma because of chronic irritation, ulceration, and 


subsequent regeneration of the cyst epithelium [2]. However, 
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Nagorney et al. [1] emphasize that malignancy is not limited 
to the choledochal cyst. In their series, malignancy was intra- 
cystic and intrahepatic or extrahepatic, extracystic and intra- 
hepatic, or multicentric. Additionally, one of their patients 
developed a cancer nearly 2 years after the cyst had been 
completely excised. 

The detection of a complicating malignancy in a choledochal 
cyst may be difficult even at surgery. In the series reported 
by Nagorney et al. [1], carcinoma was not recognized at the 
time of the first cyst operation in three patients. Imaging 
studies may help increase the preoperative suspicion for 
malignancy. 

Sonography can confirm the cystic nature of the mass and 
delineate the associated biliary anatomy. In a group of chil- 
dren, the cystic mass of a choledochal cyst was identified in 
all 11 patients studied with sonography [6]. No previous 
reports of the sonographically defined cholangiocarcinoma in 
a choledochal cyst have been reported. However, 26 patients 
with carcinoma of the gallbladder were studied by sonography 
and CT by Weiner et al. [7]. A mass was present in 23% and 
focal wall thickening in 15% [7]. Our experience suggests 
that, like carcinoma of the gallbladder and consistent with the 
sonographic evaluation of renal cysts, wall thickening or nod- 
ularity within a suspected choledochal cyst should increase 
suspicion for a malignancy. 

The biliary nature of a cystic mass can be confirmed on CT 
with oral oragrafin as in this case. Araki et al. [4] described 
the uncomplicated choledochal cyst on CT as a cystic mass 
with an abrupt change of ductal caliber and no evidence of 
biliary dilation in the periphery of the liver. Diffuse intrahepatic 
biliary dilation warranted consideration of another cause for 
obstruction. In their series, an obstructive pattern of biliary 
dilation was seen with an enhancing mass in the porta hepatis 
cephalad to a choledochal cyst in a patient with metastatic 
cholangiocarcinoma. In our patient, enhancing focal wall thick- 
ening of the cyst was noted, but intrahepatic biliary dilation 
was not. 

Bova et al. [8] have described a cholangiocarcinoma of the 
common bile duct, adjacent to a type-2 choledochal cyst. In 
their report, CT documented the cystic mass in the portal 
area, but no tumor mass was noted. Percutaneous transhe- 
patic cholangiography documented circumferential narrowing 
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Fig. 1.—Choledochal cyst with tumor. 
CT with oral oragrafin but no IV contrast 
confirms biliary nature of cystic mass with 
a contrast-bile level. Focal wall thickening 
and scalloped contours are seen ante- 
riorly (arrow) 


Fig. 2.—Tumor involving choledochal 
cyst on ERCP. Scalloped margins in su- 
perior choledochal cyst abut cystic duct 
entry into cyst. CC = choledochal! cyst 
GB = gallbladder M = mass. 


of the common bile duct with no communication with the CT- 
defined cystic mass. The patient subsequently died, and 
autopsy confirmed a cholangiocarcinoma adjacent to the cho- 
ledochal diverticulum. 

Sonography and CT can diagnose choledochal cyst and 
suggest tumor. However, ERCP or transhepatic cholangiog- 
raphy are necessary to fully define the ductal anatomy, to 
identify commonly associated pancreaticobiliary ductal anom- 
alies, and to help confirm the preoperative impression of 
malignancy. Mass effect and nodularity, as illustrated in this 
case, and encasement of the cyst, as noted by Araki et al. 
[4], should be conscientiously sought. Heightened awareness 
and suspicion for a complicating neoplasm may allow earlier 
detection of these tumors of young adults. 

Focal wall thickening on sonography and CT with enhance- 
ment in a suspected choledochal cyst, particularly in the 
absence of previous surgery, cholelithiasis, or repeated epi- 
sodes of inflammation clinically, suggests a neoplasm, and 
more invasive preoperative evaluation (ERCP or transhepatic 
cholangiography) is warranted. 
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CT Appearance of Impaired 
Lymphatic Drainage in Liver 
Transplants 





Early postoperative CT scans of three patients who had undergone liver transplanta- 
tion show hypodense areas surrounding the portal venous system and to a lesser extent 
the intrahepatic inferior vena cava. These changes were considered to represent dilated 
lymphatic vessels caused by impaired lymphatic drainage of the transplant after total 
interruption of the lymphatic vessels at surgery. This hypothesis was tested in three 
piglets after complete surgical interruption of the lymphatic vessels of the liver. Results 
of histologic examinations and an additional long-term follow-up CT study in one patient 
suggest that hypodense periportal and pericaval areas are a reversible CT finding in 
liver transplants caused by lymph stasis. 


Liver transplantation is gaining increasing acceptance in the treatment of ad- 
vanced hepatic-cell failure in both children and adults [1-3]. In the early postoper- 
ative period, radiologic evaluation is confined mainly to conventional radiographic 
techniques [4-7]. We have used CT in three adult patients to evaluate the liver 
transplant immediately after surgery. Common CT findings were hypodense areas 
surrounding the portal venous system and the intrahepatic inferior vena cava. 
These changes were thought to be related to impaired lymphatic drainage after 
interruption of the lymphatic vessels during surgery. To test this hypothesis, 
complete surgical interruption of the lymphatic drainage of the liver in three piglets 
was performed. Results indicate that CT may provide a new diagnostic sign of 
impaired lymphatic drainage in liver transplantation. 


Case Reports 
Case 1 


A 49-year-old man underwent liver transplantation for irresectable hepatocellular carcinoma 
complicating posthepatitic cirrhosis. CT on the day after transplantation demonstrated a large 
subcapsular area in the liver that did not enhance after IV administration of contrast material. 
In addition, the portal venous system and to a lesser extent the intrahepatic portion of the 
inferior vena cava were bordered by hypodense areas (Fig. 1A). Graft failure required 
retransplantation 3 days later. Histologic examination of the explanted liver confirmed the 
presence of a large area of subcapsular necrosis due to ischemic injury. Thrombotic occlusion 
of the hepatic artery or portal vein could not be found. In addition, dilated lymphatic vessels 
were noticed within the portal areas (Fig. 1B). 


Case 2 


A 38-year-old woman with primary biliary cirrhosis and rapidly deteriorating hepatic function 
was referred for liver transplantation. A CT examination before and after IV contrast material 
on the second postoperative day showed homogeneous opacification of the liver parenchyma 
without evidence of ischemic areas (Fig. 2A). Hypodense areas with density readings in the 
range from —2 to +9 H surrounded the portal veins and to a lesser extent the intrahepatic 
inferior vena cava. On the sixth postoperative day, liver biopsy demonstrated partial disap- 
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Fig. 1.—Case 1. A, Postcontrast CT scan 1 day after liver transplantation. 
Large subcapsular nonenhancing area of transplant (X) represents ischemic 
necrosis. Portal vein and its major branches and inferior vena cava are sur- 
rounded by areas of low density (arrows), which likely represent dilated 





Fig. 2.—Case 2. Liver transplant in patient with graft rejection. Follow-up 
postcontrast CT scans 2 days (A) and 45 days (B) after surgery, showing 


pearance of small bile ducts and cholestasis. In addition, dilated 
lymphatic vessels within portal areas were observed focally. A CT 
study at 45 days showed an increase of the liver size (Fig. 2B). The 
hypodense areas surrounding the portal venous system and the 
inferior vena cava were essentially unchanged. The patient died 47 
days after transplantation as a result of graft rejection. Postmortem 
histologic examination revealed liver-cell necrosis and severe choles- 
tasis due to progressive disappearance of small bile ducts. Portal 
lymphatic vessels were dilated. 
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lymphatic vessels. B, Histologic section of explanted liver 3 days after trans- 
plar tation. Medium-sized portal area with hepatic artery branch (HA), part of a 
portal vein branch (PV), and nerve trunk (N). Lymphatic vessels (L) are dilated. 
von Gieson’s elastic stain, x40. 





periportal and pericaval hypodense areas similar to case 1 (arrows in A). CT 
appearance remains essentially unchanged, but liver has increased in size (B). 


Case 3 


A 48-year-old woman with primary biliary cirrhosis and advanced 
hepatic-cell failure was referred for liver transplantation. Liver biopsy 
performed 6 days after surgery because of signs of rejection revealed 
dilated lymphatic vessels within portal fields as an additional finding. 
A CT examination at 14 days showed hypodense areas (—3 to +10 
H) surrounding the portal venous system and the intrahepatic inferior 
vera cava but an otherwise normal liver (Figs. 3A and 3B). A repeat 
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Fig. 3.—Case 3. A and B, Postcontrast CT scans at liver hilum 1 cm apart 
14 days after liver transplantation. Periportal and pericaval hypodense areas 
comparable to those in cases 1 and 2. C and D, Follow-up postcontrast CT 


CT examination performed 6 months after transplantation demon- 
strated almost complete disappearance of the periportal and pericaval 
hypodense areas (Figs. 3C and 3D). 


Animal Studies 


Three piglets underwent surgical interruption of the lymphatic 
channels of the liver to simulate the lymphatic drainage abnormality 
that occurs in a transplant. All i'ymphatic vessels in the liver hilum 
accompanying the hepatic artery, portal vein, and bile duct were 
interrupted. The lymphatic vessels surrounding the intrahepatic infe- 
rior vena cava were also ligated. CT scans were obtained before and 
3, 14, and 40 days postoperatively. At 3 days after surgery, an area 
of low density was found to surround the portal venous system, 
similar to the CT findings in the three patients (Figs. 4A and 4B). Only 
slight decreases in density were observed around the inferior vena 
cava. Two cystic lesions had appeared in one animal (Figs. SA and 
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scans 6 months after transplantation. Hypodense periportal and pericaval areas 
have almost completely disappeared. 


5B). This piglet was subsequently sacrificed. CT studies of the 
remaining two animals at 14 and 40 days showed the low-density 
periportal area to diminish continuously. Histologic examination of 
the liver of the animal sacrificed 3 days postoperatively revealed 
numerous dilated lymphatic vessels within the main portal fields and 
a marked lymphedema of the connective tissues surrounding the 
portal vein and its major branches (Fig. 5C). The two cystic lesions 
observed on CT were found to be lymphatic cysts. 


Discussion 


CT examinations of all three recent liver-transplant patients 
showed hypodense areas bordering the portal venous system 
and the intrahepatic inferior vena cava. The interruption of the 
lymphatic vessels that occurs during transplant surgery sug- 
gested that dilatation of multiple lymphatic vessels resulting 
from impaired lymph drainage caused this CT appearance. 
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Fig. 4.—Postcontrast CT scans of piglet in lateral position 3 days after by hypodense areas (arrows), corresponding to dilated lymphatic vessels. ST 
interruption of lymphatic vessels in the liver hilum. A, Scan 4 cm cephalad to = stomach; SP = spleen. 
liver hilum. B, Scan through liver hilum. Portal venous branches are surrounded 





Fig. 5.—Postcontrast CT scans of piglet in lateral position before (A) and 
3 days after (B) interruption of lymphatic vessels in liver hilum. In addition to 
dilatation of periportal lymphatic vessels, animal developed two intrahepatic 
ymphatic cysts (arrows). C, Histologic section of liver of same piglet 3 days 
postoperatively. Connective tissue surrounds branch of portal vein with 
marked lymphedema (ED) and numerous dilated lymphatic vessels (L). (H 
and E x140). 
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Histologic specimens in all three patients demonstrated di- 
lated periportal lymphatic vessels. Similar CT findings in ani- 
mal studies after interruption of the lymphatic vessels in the 
liver hilum support the hypothesis that the CT appearance is 
caused by dilated lymphatic vessels. Moreover, our obser- 
vations indicate that this phenomenon is reversible. 

The lymphatic drainage in a normal adult liver is about 1-3 
1/24 hr [8]. The lymph originates mainly from the liver sinusoids 
by free passage of fluid and plasma protein into the perisinu- 
soidal spaces of Disse, which are continuous with lymphatic 
capillaries. A smaller amount is produced in the walls of the 
bile ductules and in the arterial-capillary network [8, 9]. Lym- 
phatic capillaries are present in the connective tissue that 
surrounds portal venules, arterioles, and bile ductules, which 
is continuous with the fibrous capsule of the liver. 

More than 80% of the liver lymph is drained by collecting 
vessels located along the portal vein and bile duct to the liver 
hilum and into the cisterna chyli [9]. Most of the vessels lie in 
the hepatoduodenal ligament. The remainder of hepatic lymph 
is drained in lymphatic vessels accompanying hepatic veins 
directly into the thoracic duct or into retrosternal lymphatic 
channels. 

Under normal circumstances the intrahepatic lymphatic ves- 
sels are not visible macroscopically. When there is increased 
lymph production or lymphatic obstruction, however, the lym- 
phatic vessels dilate and become visible [9]. Lymph that is 
not drained by the lymphatic vessels accompanying the portal 
vein causes stasis and retrograde filling of the lymphatic 
vessels. Experiments performed in rabbits and rats have 
demonstrated dilatation of lymphatic vessels and lympho- 
static edema in the connective tissue and perisinusoidal 
spaces of Disse after ligation of the lymphatic vessels in the 
liver hilum [10]. These changes were most striking on the 
third and fourth days. Similar findings were observed in our 
animal model; eniargement of the spaces of Disse, however, 
was not seen. In the experiments performed in rabbits and 
rats, lymphatic drainage returned to normal at 4-6 weeks 
because of regeneration of lymphatic vessels [10]. 

Interruption of the lymphatic vessels that occurs during 
transplantation surgery similarly causes stasis of lymph and 
can explain the CT findings observed in our patients. The 
hypodense areas surrounding the portal venous system cir- 
cumferentially likely represent multiple dilated lymphatic ves- 
sels. This CT appearance is important clinically in the differ- 
entiation of impaired lymphatic drainage from dilated bile 
ducts. In bile-duct obstruction, the dilated ducts appear as 
hypodense tubular structures that accompany the portal veins 
anteriorly. The differential diagnosis also includes normal 
perivascular fat in the liver fissures. Perivascular fat, however, 
can be excluded on the basis of density readings. In addition, 
the extent of the periportal hypodense region in our cases is 
greater than that normally seen, and the reduction of the low 
density on sequential scans, which occurs in case 3, does 
indicate that this low density is abnormal. 

The region of low density surrounding the intrahepatic 
inferior vena cava in the transplant is likely to have resulted 
from interruption of the lymphatic vessels accompanying the 
hepatic veins to the inferior vena cava. It is smaller than the 
hypodense region in the periportal area, probably because 
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fewer lymphatic vessels are affected. The reason why only 
slightly hypodense areas were observed around the inferior 
vena Cava in the piglet experiments is not clear. Possibly the 
pattern of normal hepatic lymph drainage in piglets differs 
from that in the human liver. 

Further studies are needed to determine the time necessary 
for reestablishment of a normal lymphatic flow in human liver 
transplants. In a recent case report with a similar CT appear- 
ance of the transplant 10 days after surgery, the findings 
were considered to be caused by portal vein thrombosis 
[11]. However, because thrombosis was not proved it is likely 
that the regions of low density surrounding the portal veins 
and the inferior vena cava were also due to lymphatic stasis; 
a second CT evaluation 6 months after surgery had shown 
complete disappearance of this CT pattern. Follow-up CT 
examination of one of our patients (case 3) 6 months after 
transplantation demonstrated minimal residual periportal and 
pericaval areas of hypodensity. On the basis of these two 
cases, reestablishment of normal lymphatic drainage can be 
estimated to take place within approximately 6 months. 
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Clinical Computed Tomography Illustrated Procedural Guide. By Lee C. Chiu, James D. Lipcamon, and Victoria 


S. Yiu-Chiu. Rockville, MD: Aspen, 261 pp., 1986. $37.50 


This refreshingly straight-forward and basic text on CT scanning 
is a procedural guide and illustrated atlas. It can serve primarily as a 
manual for medical students, residents, and technologists, as well as 
others who are learning about CT. At first glance, the book seems 
basic and simplistic, but, as one delves into the book, one finds that 
it contains much valuable information and many useful suggestions 
on how to set up CT procedures and about techniques that are useful 
in each type of scan. The book is printed on good-quality paper and 
with good reproduction of x-ray images that are large enough to 
depict the anatomy and disease illustrated. A series of line drawings 
that accompany the x-ray images and correspond to the section 
being demonstrated are adequately labeled to be helpful for instruc- 
tional purposes. 

This book is divided into two sections: the first starts with a chapter 
on the basic physics of CT and follows with a chapter that provides 
technologists with an understanding of what should be done with the 
patient before scanning. The next several chapters, which discuss 
the CT scanning of individual body sections, include the head, neck, 
spine, chest, abdomen, and pelvis. Within each section is a discussion 
of the procedures for setting up the scan, positioning the patient, use 
of contrast materials, and patient preparation information. In addition, 
in each chapter is an atlas of normal anatomy accompanied by line 
drawings of these normal anatomic CT images. 

The second section of the book contains several chapters in which 
the pathologic findings on CT scans for the different anatomic areas 
are illustrated. The examples include a range of diseases that may 
affect these individual organ areas. The legends to these photographs 
contain a fair amount of descriptive information about the disease 
processes affecting these pathologic processes. The final chapter is 
a description of CT-guided interventive techniques. This section also 
contains many illustrative demonstrations. 

There are several tables, lists, and charts that offer helpful infor- 
mation and serve as a ready reference for both the physicians and 
the technologists. An appendix is primarily geared toward tabulating 
technical factors for CT scanners. There is also comparison of several 
different brands of CT machines for the users of these scanners. 


There is a reference section, although not comprehensive, that con- 
tains enough suggested reading material to gain understanding of 
the area being researched. 

| have some criticisms of this book. First, the authors designate 
one particular IV contrast agent in their discussions. | think that it 
would be more appropriate if the spectrum of contrast materials 
available were discussed and the relative merits of each described. 
Second, in the discussion of pheochromocytoma evaluation, the 
authors indicated that the use of IV contrast material is hazardous 
and should not be used in these patients. They did not indicate that 
if the patients are adequately prepared before the CT scan with alpha- 
adrenergic blockade there is no significant risk of IV contrast agents. 
Contrast material is extremely helpful and increases the accuracy of 
CT, especially in the detection of extraadrenal pheochromocytomas. 
They also failed to indicate a potential danger of producing a hyper- 
tensive crisis in patients with pheochromocytomas after administra- 
tion of glucagon. | felt that in several sections the authors indicated 
what was clearly their opinion. Again, | feel it would have been better 
for them to have provided a range of options and then make their 
recommendations. This would allow the reader to see that there is a 
choice of methods available and that they can decide for themselves 
the appropriate method in a given situation. 

| found this book to be a useful addition to a radiology department 
library, especially if there is a training program present. Some resi- 
dents may want to add this text to their own library as a handy 
reference guide not only for monitoring examinations during their 
residency training, but also for when they complete their training and 
have to establish a CT service by themselves. Technologists would 
also find this book useful both during their training period in CT and 
as a reference later. The price of the book is reasonable and should 
not be an inhibiting factor in the decision to purchase this text. 


Ronald D. Harris 
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Angiography of Small 
Hepatocellular Carcinomas: 
Analysis of 105 Resected Tumors 





One hundred five hepatocellular carcinomas less than 5 cm in diameter were resected 
in 75 patients. The tumors were studied with respect to their detection rate by angiog- 
raphy and their angiographic features. Angiography identified 86 (82%) of the 105 
lesions, missing 19 (18%). The findings included tumor vessels (70%) and tumor staining 
(76%). Pathologic analysis of the 19 undetected lesions showed that 74% of them were 
smaller than 2 cm in diameter and that they were well-differentiated carcinomas. Forty 
percent of 100 lesions were in the anterosuperior subsegment of the right lobe. 


Asymptomatic hepatocellular carcinoma is more frequently recognized preoper- 
atively now than in the past. However, small lesions are still difficult to identify, 
even with the use of sonography, CT, and angiography [1, 2]. Of these techniques, 
angiography is the most accurate for determining the number, location, and extent 
of the tumor [3]. 

We retrospectively analyzed the sensitivity of angiography and the angiographic 
findings in 105 small (<5 cm) hepatocellular carcinomas in which the surgical 
specimen was available for pathologic study. 


Subjects and Methods 


From March 1977 to July 1984, 90 patients with hepatocellular carcinoma had angiography 
followed by surgical resection. Seventy-five of these were selected for study because they 
had satisfactory angiograms. There were 64 men and 11 women, aged 30-70 years (average, 
56). The total number of tumors in the group was 105. Sonograms and CT studies were 
done before angiography in all cases. 

Superselective angiography of the common hepatic artery or a more peripheral branch was 
performed in all patients, except for four in whom only celiac angiography was done. Using 
20-35 ml of 76% methylglucamine diatrizoate at a speed of 4-7 ml/sec, films were made at 
two per sec for the first 4 sec and at slower rates thereafter. If necessary, further examination 
with CT combined with angiography (angio-CT) was done [4, 5]. Clinical diagnoses for these 
105 lesions were made by CT, sonography, angiography, angio-CT, and/or intraoperative 
sonography [6]. The degree of differentiation of the tumor cells was graded histologically on 
the basis of the Edmondson-Steiner classification [7]. The predominant grade was adopted. 

Satellite nodules in the immediate vicinity of the main tumor were not considered separate 
masses. Fifty-one patients had one lesion, 19 had two, four had three, and one had four. 
Localization in the liver was based on the scheme proposed by the authors [8]. 

In the analysis of the angiograms, we divided the tumors into five groups accorcing to size 
and eight groups according to the angiographic findings (six features in the arterial phase 
and two in the sinusoidal phase). Tumor vessels were defined as bizarre, tortuous, and/or 
enlarged. Hypervascularity was defined as fine neovasculature smaller than tumor vessels, 
frequently seen during the late arterial phase. In the sinusoidal phase, three staining patterns 
were recognized: homogeneous, inhomogeneous, and nodular. The last consisted of discrete, 
small, staining tumor nodules within a larger mass. 
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TABLE 1: Angiographic Findings and Detection Frequency in 
Relation to Tumor Size In 105 Histologically Proven 
Hepatocellular Carcinomas 





Type of 
Foci <1 1-2 23 34 45 


Detected foci (total) 


Arterial phase 
Tumor vessel 1 8 12 24 15 60 
Hypervascularity 1 10 18 24 16 70 
Displacement 0 2 3 17 9 31 
Encasement 0 1 1 0 2 4 
Arterioportal 
shunt 0 0 2 3 3 8 
Dilated feeding 
vessel 0 2 7 18 12 39 
Sinusoidal phase 
Staining 
Nodular 2 8 19 20 16 65 
inhomogenous 3 5 4 5 1 18 
ous 0 1 0 2 Ọ 3 
Translucent rim 0 0 2 11 7 20 
Undetected foc! (total) 6 8 4 1 0 19 
Totar 11 22 27 28 17 105 
" Detected pius undetected lesions. 
Results 


On the 105 lesions, 86 (82%) were identified on angiogra- 
phy (Table 1). 


Angiographic Findings 


In the arterial phase, tumor vessels and hypervascularity 
were frequently demonstrated (70% and 81% of all detected 
foci, respectively) (Table 1). Although hypervascularity was 
recognized In more than 76% of tumors measuring between 
1 and 3 cm, tumor vessels were seen in only about 54% of 
the same size tumors. Only 20% of detected tumors smaller 
than 1 cm had both tumor vessels and hypervascularity, and 
these two findings increased in frequency as the tumor size 
increased. Tumor staining occurred in practically all detected 
foci, in which a nodular pattern was most frequently detine- 
ated (76% of all detected lesions), and Its frequency increased 
with the tumor size. Inhomogenous staining was less fre- 
quent, seen in 21%, and tended to decrease in frequency as 
the tumor size increased. Homogenous staining was noted in 
only 3%. All tesions had either a nodular, homogenous, or 
inhomogenous staining pattern. Moreover, 8 (9%) of 86 ke- 
sions could be diagnosed only by staining. Displacement was 
uncommon, however, seen in only 36% of all detected lesions, 
and it was less common in tumors smaller than 3 cm. En- 
casement was seen in only 5%. An arterioportal shunt (Fig. 
1B) and a dilated feeding artery (Fig. 1A) were found In 9% 
and 45%, respectively, and were more common in larger 
tumors. A translucent rim [9] was recognized in 23% of the 
detected tumors larger than 2 cm. 
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Angiographically Undetectable HCC 


Of 105 lesions, 19 (18%) were not detected by angiography 
(Table 1). A significant correlation between tumor size and 
angiographic detectability was obtained (p < 0.01) by the ridit 
analysis [10]. Namely, smaller tumors had lower detection 
rates. In a tumor smaller than 1 cm, the detection rate was 
only 45%. 

When analyzed in relation to the Edmondson-Steiner’s 
grading system [7], angiographically undetected lesions were 
associated significantly more often with well-differentiated 
cancer cells (p < 0.01) than were the detected lesions (Table 
2). 


Anatomic Location of Small HCCs 


The locations within the liver of 100 lesions were evaluated. 
Five of the original 105 lesions in four patients were excluded 
from this study because they were located in the same 
subsegment, and they would cause overcounting if included 
(Table 3). Three lesions were located along the boundaries of 
the subsegments; one was located between the anterosu- 
perior and anteroinferior areas, and the other two between 
the anterosuperior and left medial areas. Therefore, their 
locations were classified into the anterosuperior and the left 
medial area, respectively. 

Fifty percent of all lesions resided in the anterior segment 
of the right lobe, 31% in the posterior segment of the right 
lobe, 18% in the so-called umbilical segment (including the 
left medial and lateral subsegments), and 1% In the caudate 
area. Further breakdown showed that the anterosuperior 
subsegment of the right lobe had 40% and the posteroinferior 
subsegment of the right lobe, 22%. 


Discussion 


In Japan, primary Ever cancer (of which HCC is the most 
frequent type) ranks second among all digestive malignancies, 
and the frequency is increasing [12]. When Okuda et al. [13] 
described 20 cases of “minute” HCC In 1977, detection was 
mostly incidental either at laparotomy or autopsy. They de- 
fined “minute” as being smaller than 4.5 cm in the largest 
diameter if the tumor was single, and smaller than 3.5 cm if 
there were more than one but less than four. Recently, 
however, sonography [2] and CT [4] have made it possible 
to diagnose smaller asymptomatic HCCs. in 1982, Chen et 
al. [1] used the term “small” to denote a tumor not larger than 
3 cm. The same term has also been used by the Japan Liver 
Cancer Study Group, who defined a small tumor as a single 
mass less than 2 cm in diameter [14]. In this study, however, 
we analyzed HCCs no larger than 5 cm In diameter. 

Although the angiographic findings in advanced HCC are 
well documented [9, 15, 16], small HCCs have not been 
studied in comparison with tumor histopathology. The most 
common angiographic features found In small HCC consisted 
of bizarre, tortuous, and enlarged vessels with Irregular cal- 
bers and abrupt cutoffs that were simHar to those found in 
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Fig. 1.—51-year-old man with two foci of hepatocellular carcinoma 
(HCC). A, Arterial phase of hepatic angiogram demonstrates a single 
HCC with enlarged feeding arteries in the posterior-inferior subseg- 
ment of right lobe of liver. Other lesion was not detectec. B, Capillary 
phase of angiogram shows staining of tumor with contrast material 
and a small arterioportal shunt. C, Arterial angio-CT demonstrates a 
round, low-density mass, not demonstrated by angiography, in dorsal 
region of the posterior-superior subsegment of right lobe of liver. D, 
Dynamic CT shows HCC seen on angiography (A, B). E, F, Gross 
specimen. At surgery, two HCCs of similar size were identifizd and 
resected. The one not seen on angiogram (E) was Edmondson- 
Steiner's grade | > Il. The other (F) was grade II > Ill. Both had a 
pseudocapsule and fibrous septation. 
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TABLE 2: Correlation Between Detectability of Smali 
Hepatocellular Carcinomas on Angiography and Cell Atypism* 





Undetected 


Cell Atypism Foc! a Total 
| 2 (2 10 (53) 12 
I-I 4 (5) 3 (16) 7 
Il 44 (53) 5 (28) 49 
i—i 7 (8) 0 (0) 7 
ill 26 (31) 1 (5) 27 
IV 0 (0) 0 (0) 0 
Total aa (100) 19 (100) 102 





* Based on Edmondson-Steiner’s grading [7]. Numbers are numbers of toci; percentages 
of the total for a column ars in parentheses. Relative of differentiated 
carcinoma (1, HI) and poorty carcinoma (IHH, fl, MV) is signif- 
cantly different between 


TABLE 3: Localization of 100 Lesions of Hepatocellular 
Carcinoma in the Hepatic Subsegments 





Total Number 
Segment Subsegment pieced in Each 
Segment (%) 
Posterior Superior 9 31 (31) 
Infertor 22 
Anterior Superior 40* 50 (50) 
Inferior 10 
Umbilical (left) Medial g? 18 (18) 
Lateral 9 
Caudate . 1 1 (1) 
Total 100 100 (100) 





* One lesion was located between anterior superior and inferior subsegments. 
b Two lesions were located between anterior superior and left medial subsegments. 


advanced HCC [9, 15, 16]. A nodular tumor stain seen in the 
late arterial to sinusoidal phase was also an important finding 
in smail HCC, because this finding reflected the internal 
structure, of this lesion (Figs. 1E and 1F). The difference 
between the nodular and inhomogenous staining patterns 
became obscure in tumors smaller than 1 cm. Angiographi- 
cally, tumor vessels and a nodular stain were the most 
important features in distinguishing HCC from other hepatic 
neoplasms. Arterioportal shunt was seen in 9%, less often 
than in advanced HCC [9]. Blood flow in most shunts was 
toward the periphery, and marked regurgitation through the 
shunt toward the portal trunk as seen in advanced HCC was 
not recognized. Dilated feeding arteries were seen in 45% of 
detected lesions, an important finding In determining the 
feeder artery and the location of the tumor, especially In 
smaller lesions without tumor vessels. The frequency of a 
translucent rim in small HCC has not yet been evaluated. In 
this study it was seen in only 23%, much less frequently than 
m large HCCs [13]. 

Chen et al. [1] reported that the detection rate for small 
HCC by angiography was 89% (17/19). In a larger series of 
51 cases studied by Shinagawa et al. [2], it was 82% for 
tumors smaller than 3 cm and 89% for tumors between 3 and 
5 cm. In this study, both the exact detection rate for small 
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HCC and the analysis of angiographically undetectable tumor 
lesions were made in relation to histology. Our detection rates 
for small HCCs of five sizes, differing by 1 cm in diameter, 
were 45%, 64%, 85%, 96%, and 100%, respectively, as 
shown in Table 1. The overall detection rate for all lesions 
was 82%, and 18% (or 19 lesions) were never detected by 
angiography. Comparison between the detectability of these 
lesions and the degree of cancer-cell differentiation showed 
that (1) the detected lesions tended to have more poorly 
differentiated cancer ceils and (2) the undetected ones tended 
to have better differentiated cells (p < 0.01) (Table 2). 

The undetected lesions were generally difficult to enhance 
with contrast medium in dynamic CT. Weill-differentiated HCC 
and noncancerous liver parenchyma behaved similarty in re- 
gard to contrast enhancement, and the small tumor size 
explained the failure in detection. Another pitfall in anglogra- 
phy was the detection of two masses superimposed in the 
ventrodorsal direction. 

Because the precise anatomy of hepatic segments was not 
well established until recently [8] and techniques such as 
sonography and CT were not available, few studies have 
been done of HCC in different parts of the liver (even though 
the right lobe has been said to contain more lesions than the 
left [1, 17]). In our segmentation scheme, the left lateral and 
medial areas are Classified as one segment and called the 
umbilical segment, which has about the same volume as that 
of the anterior and of the posterior segments of the right lobe 
[18]. On the basis of our segmentation scheme, the right 
anterior segment was found to have HCC most frequently 
(50%), and 40% of all foci were located in the anterosuperior 


subsegment of the right lobe. 


ACKNOWLEDGMENTS 


We express our deep appreciation to Kunio Okuda of the Chiba 
University School of Medicine and Albert A. Moss of the Department 
of Radiology, University of Washington, for their advice and critical 
review, and to Junko Nakamoto and Lois Cassidy for preparing this 
manuscript. 


REFERENCES 


1. Chen DS, Sheu JC, Sung JL, et al. Smal hepatocelular carci- 
noma—a clinicopathological study in thirteen patients. Gastro- 
enterology 1982;83:1109-1119 

2. Shinagawa T, Ohto M, Kimura K, et al. Diagnosis and clinical 
features of small hepatocelular carcinoma with emphasis on the 
utility of real-time ultrasonography. A study in 51 patients. Gas- 
troenterology 1984;86:495-502 

3. Takashima T, Matsui O, Suzuki H, ida M. Diagnosis and screen- 
ing of small hepatocellular carcinomas. Radiology 1982; 
145:635-638 

4. Moriyama N. Angiographic computed tomography. Jon J Cancer 
Clin 1980;26: 1037-1040 (Japanese) 

5. Prando A, Wallace S, Bernardino ME, Lindell MM Jr. Computed 
tomographic arteriography of the liver. Radiology 1979;130:697- 
701 

6. Makuuchi M, Hasegawa H, Yamazaki S. Intraoperative ultrasonic 
examination for hepatectomy. Jpn J Clin Oncol 1981;11:367- 
389 

7. Edmondson HA, Steiner PE. Primary carcinoma of fiver; study of 


AJR:147, September 1986 


13. 


100 cases among 48,900 necropsies. Cancer 1954;7: 462-503 


. Takayasu K, Moriyama N, Muramatsu Y, Shima Y, Goto H, 


Yamada T. Intrahepatic portal vein branches studied by percu- 
taneous transhepatic portography. Radiology 1985;154:31-36 


. Okuda K, Obata H, Jinnouchi S, et al. Angiographic assessment 


of gross anatomy of hepatocellular carcinoma: comparison of 
celiac angiograms and liver pathology in 100 cases. Radiology 
1977;123:21-29 


_ Bross IDJ. How to use ridit analysis. Biometrics 1958;14: 18-38 
. Takayasu K, Moriyama N, Muramatsu Y, et al. Hepatic arterial 


embolization for hepatocellular carcinoma. Comparison of CT 
scans and resected specimens. Radiology 1984;150:661-665 


. Health and Welfare Statistics Association of Japan. Trends in 


national health, special issue. 1982;29:53-66 
Okuda K, Nakashima T, Obata H, Kubo Y. Clinicopathological 
studies of minute hepatocellular carcinoma. Analysis of 20 cases, 


ANGIOGRAPHY OF HEPATOCELLULAR CARCINOMAS 


14. 


1D. 
16. 


17. 


18. 


529 


including 4 with hepatic resection. Gastroenterology 1977; 
73:109-115 

Liver Cancer Study Group of Japan. The size of tumor-occupying 
ratio and distant metastases. In: The general rules for the clinical 
and pathological study of primary liver cancer. Tokyo: Kanehara, 
1983;17:12 

Yu C. Primary carcinoma of the liver (hepatoma). Its diagnosis 
by selective celiac arteriography. AJR 1967;99:142-7 49 

Kido C, Sasaki T, Kaneko M. Angiography of primary liver cancer. 
AJR 1971;113:70-81 

Nakashima T, Okuda K, Kojiro M, et al. Pathology of hepatocel- 
lular carcinoma in Japan. 232 consecutive cases autopsied in 
ten years. Cancer 1983;51 :863-877 

Stone HH, Long WD, Smith RB Ill, Haynes CD. Physiologic 
considerations in major hepatic resections. Am J Surg 
1969;117:78-84 


CALL FOR PAPERS 


American Roentgen Ray Society 
1987 Annual Meeting 
April 26-May 1, Miami, FL 


Abstracts of papers should be submitted by September 20, 1986, to: 


Dr. R. A. Gagliardi 


Department of Radiology 
St. Joseph Mercy Hospital 
900 Woodward Avenue 
Potomac, MI 48053 


Scientific exhibit proposals should be submitted by September 20, 1986, to: 


Dr. J. E. Madewell 


Department of Radiology 
Baylor College of Medicine 


One Baylor Plaza 


Houston, TX 77030 
For further information and application forms, see the July 1986 or August 1986 issue of AJR. 








530 


Book 
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Cervico-Occipital Joint (RX, CT). 158 Radiological Exercises for Students and Practitioners. By Auguste 
Wackenheim. Berlin: Springer-Verlag, 192 pp., 1985. $17.50, soft cover 


In reviewing this book one thinks of the sad expression, “what 
might have been.” The author set out with a wonderful idea to create 
a smal, soft-cover, Inexpensive monograph about the cervico-occip- 
ital region, which would combine an attas with a teaching exercise 
text. He has produced multiple, beautifully reproduced Images of all 
the traumatic, developmental, and congenital findings of the atlas/ 
axis portion of the cervical spine. The reader is expected to study 
the illustrations, then turn to the text in the latter half of the book for 
description of the findings along with well done line drawings of the 
x-rays. 

The concept of teaching by self-testing is excellent, however, much 
is lost in the translation. Terminology used Is often competety different 
from that used by radiologists In North America. Words are used 
such as “radiobiochemical” and “arthrosic changes”, as weil as sen- 
tences, such as, “In my opinion, radioiogy will increase the knowledge 
of the image through the utilization of new methods of reading. | 


believe that these methods have to develop along the Ines of phe- 
nomenology and structuralism.” The very brief reference fist is of little 
help because it Is mostly in French and with references mainly in the 
European literature. 

If one is able to overlook the disappointment of the English trans- 
lation the reader will find this a valuable primer for studying the 
cervico-occipital region and a good reference text. 1 recommend this 
monograph, without reservations, to all radiologists interested in the 
cervical spine and hope the publishers will put out a second edition 
with a smoother interpretation of the author’s text. If that is done, 
this monograph could become a classic “must” for all Radiology 
Department Libraries. 


Gerald A.L. Irwin 
Nassau County Medical Canter—SUNY Stony Brook 
East Meadow, NY 11554 


Radiolabeled Cellular Blood Elements. Pathophysiology, Techniques, and Scintigraphic Applications. NATO 
Advanced Science Institute Series. Edited by M. L. Thakur, M. D., Ezikowitz, and M. R. Hardeman. New York: 


Pienum, 434 pp., 1985. $69.50 


This book is a compilation of guest lectures presented at a Syn- 
positum at the Advanced Study Institute on Radiolabeled Cellular 
Blood Elements held in 1982. The lectures included in the text are 
not imited to research topics and include general reviews of topics 
relevant to celHabeling techniques. The authors are all established 
investigators, including many who have made primary contributions 
to the field. 

The initial chapters concentrate on basic science materials includ- 
ing: the physiology and pathophysiology of platelets and neutrophils, 
migratory properties and radiosensitivity of lymphocytes, call isolation 
and labeling techniques, evaluation of animal models, and quantitative 
kinetics of labeled cells. The second group of chapters are directed 
primarily toward platelet studies and include: clinical as well as 
research applications for the study of drug effects on platelet kinetics, 
vascular grafts, and transplant rejection. The latter chapters are 


devoted to clinical appfication of labeled granulocytes including dis- 
cussions on radiation dosimetry. There is only one chapter reviewing 
radiolabeled red blood cells. it is interesting that the amount of space 
devoted to red cells is the smallest considering that labeled red cells 
have achieved the most widespread clinical application. Since tech- 
niques for red-cell labeling have been standardized there is ittle 
research in this area. 

The book suffers only minimally from some degree of repetition 
that is inevitable in a symposium with multiple authors. Figures, 
tables, and text are adequate for the material being presented. 
Overall, to date, this book is the best single reference source avaliable 
on radiolabeled cells. 

Alan H. Maurer 
Temple University 
Phitadelphia, PA 19140 
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Accuracy of Angiography in 
the Diagnosis of Small 
Hepatocellular Carcinoma 





Conventional hepatic arteriography combined with superselective infusion arteriog- 
raphy was carried out in 51 patients with hepatocellular carcinoma smaller than 5 cm, 
and angiograms of varying phases were analyzed. In cancers smaller than 40 mm, 
particularly in those smaller than 20 mm, so-called tumor stain in the capillary phase 
was the only abnormality seen in most but not all cases. Within a tumor stain, there 
were unstained areas in most cases and histologic examination in resected specimens 
showed them to be due to either necrosis, fibrosis, or fatty changes. Homogeneity and 
shape of the stain seemed to be related to growth speed and invasiveness of the 
cancer. Although overall diagnostic value of angiography for small hepatocellular car- 
cinoma was high, super-superselective infusion hepatic arteriography produced nodular 
stains in 7 of 11 control cases of nonalcoholic cirrhosis without cancer, making difficult 
the differential diagnosis between stains due to tumors and those due to hyperplastic 
nodules of cirrhosis. 


In the past, celiac angiography was thought to be indispensable in the diagnosis 
of hepatic mass lesions [1-4]. Recent development of newer imaging techniques, 
such as sonography, CT, and MRI, seems to be reducing the diagnostic significance 
of angiography, particularly in the diagnosis of hepatocellular carcinoma (HCC), 
which is endemic among cirrhotic patients in the Far East [5, 6]. 

It has been our experience in the past decade or so that small HCCs first 
detected by sonography are not always demonstrable by conventional angiography. 
The current investigation, therefore, assesses the diagnostic value of celiac an- 
giography in the diagnosis of HCCs smaller than 5 cm. 


Subjects and Methods 


During the period from January 1980 to December 1983, celiac angiography was carried 
out in 283 patients with HCC at the First Department of Medicine, Chiba University Hosp tal. 
Of these, 51 had an HCC smaller than 5 cm. In small HCC, diagnosis was made histologically 
either by biopsy, operation, or autopsy. There were 45 men, ranging in age from 36 to 68 
years, with an average age of 53.4 years, and 6 women aged 52-71 years, with an average 
age of 61.8 years. During the same period, celiac angiography was carried out in 18 cases 
of cholangiocarcinoma, 16 cases of metastatic cancer, 42 cases of benign hemangioma, 11 
cases of cirrhosis, and 36 cases of miscellaneous liver disease. 

Celiac angiography was carried out according to Seldinger using a Kifa red catheter and 
76% amidotrizoate as follows. Arterial portography was done with the catheter in the superior 
mesenteric artery using 40 mg of papaverine hydrochloride and 60 ml of contrast medium 
injected at a rate of 10 ml/sec. Celiac arteriography was then carried out to identify arteries 
using 40 ml of contrast medium injected at the same speed, followed by infusion hepatic 
arteriography [7, 8] from the proper hepatic artery using 40 ml of contrast medium injected 
at 3-4 ml/sec. When necessary, for more definite stains, superselective proper hepatic 
arteriography was performed injecting 30 ml of contrast medium at 5-7 ml/sec. In this 
procedure, 5 ug of noradrenaline was used for pharmacoangiography, and magnified angio- 
grams were made. 
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The angiographic findings in 51 patients with small HCC were 
assessed independently by three angiographers. Eleven patients with 
nonalcoholic cirrhosis without HCC were studied by infusion-proper 
hepatic arteriography and served as the control for comparison of 
parenchymal staining. Angiograms were also studied in relation to 
histologic findings in 29 resected specimens, 13 of which had under- 
gone no arterial embolization or chemotherapy that would cause 
tissue damage. In these 13 cases, relation of angiographic changes 
to histologic changes and speed of tumor growth as assessed by 
sonography were studied. 


Results 
Angiographic Changes Associated with Small HCC 


Frequency of dilatation, displacement, and encasement of 
intrahepatic arteries and arterioportal shunts in the arterial 
phase, increase in small blood vessels or vascularity and 
tumor stain in the capillary phase, and portal tumor thrombi 
in the venous phase were assessed in relation to tumor size 
(Table 1). The size of the tumor was measured on sonograms 
or CT, and, in the operated cases, on the actual resected 
tumor. 

Displacement of arteries by the tumor was recognized in 
none of the tumors smaller than 20 mm, in 5 (19.2%) of 26 
tumors of 20-30 mm, in 3 (42.9%) of 7 tumors of 30-40 mm, 
and in 8 (88.9%) of 9 tumors of 40-50 mm. Encasement of 
arteries was uncommon, seen in only 1 each of 20-30 mm 
tumors and 40-50 mm tumors. Increased vascularity was 
seen in only 1 (11.1%) of 9 cases with tumors smaller than 
20 mm. It was more frequent as tumor size increased, and 6 
(66.7%) of 9 cases with 40-50 mm tumors had increased 
vascularity. Tumor stain (Fig. 1) was recognized in 7 (77.8%) 
of 9 cases of HCCs smaller than 20 mm, and it was the only 
positive finding in most cases of small (10-20 mm) HCC. 
None of these tumors smaller than 5 cm demonstrated dila- 
tation of arteries or feeding arteries, arterioportal shunts, or 
portal thrombi. Thus, the overall frequency of abnormal angio- 
graphic findings was 77.8% with HCCs smaller than 20 mm, 
88.5% with 20-30 mm HCCs, 71.4% with 30-40 mm HCCs, 
and 88.9% with 40-50 mm HCCs. 


Angiographic Changes and Tumor Pathology 


Because little abnormality was seen in the arterial phase, 
only tumor stain in the capillary phase was studied to see if 
there was any relation to a particular pathologic feature in 29 
resected specimens. The size of blood sinuses or spaces in 
the tumor were not correlated with the stain. Within a tumor 
Stain, unstained areas of varying size were present in most 
cases (Fig. 2). They were correlated with necrosis, fibrosis 
(Fig. 3), or fatty replacement (Fig. 4). 


Angiographic Changes and Speed of Growth and 
Invasiveness 


In seven patients, tumor growth was followed by serial 
imaging for more than 6 months without specific treatment. 
The tumor-doubling time (the time required for the volume of 
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TABLE 1: Relationship Between Tumor Size and Angiographic 
Findings in Small Hepatocellular Carcinoma 


SS SS E ee, 


Tumor Size (mm) 


10-20 20-30 30-40 40-50 





No. of cases 

Increased vascularity 
Displacement 

Encasement 

Dilated artery 

Arterioportal shunt 

Tumor stain 

Portal thrombi 

Detection rate (%) 7 
AS 


NONOOOO-= 0 


the tumor [4/3rr°] to double) was calculated from sono- 
graphic or CT images. Five tumors had a doubling time of 
more than 6 months (slow growth), and two had a doubling 
time of less than 3 months (rapid growth). Six tumors showed 
a round stain and five of them had a slow growth, whereas 
one tumor of round stain and one of irregular-shape stain 
showed a rapid growth. All five slow-growing tumors showed 
a homogeneous stain, whereas two tumors of an inhomoge- 
neous stain were fast-growing tumors. Five cases were found 
to have either portal invasion (two cases) or daughter lesions 
(three cases) in the resected specimen, and in all five cases, 
the tumor stain was either irregular in shape or inhomoge- 
neous. Two patients were followed for more than 1 year, and 
at surgery no portal invasion or daughter lesion was found. 
In these two, tumor stains were round and homogeneous. 


Differential Diagnosis of Small Liver Tumors 


Since only tumor stain was the major abnormality seen in 
small HCC, the diagnostic value of small stains was assessed 
by having three angiographers evaluate celiac angiograms of 
42 small-HCC cases that showed tumor stains, 11 cirrhosis 
cases, nine metastatic-cancer cases, and 12 cases of benign 
hemangioma smaller than 5 cm, all seen during the same 
Study period. The results are given in Table 2. Angiographic 
diagnosis of HCC smaller than 5 cm against cirrhotic nodules 
had a sensitivity of 92.9% (39/42), specificity of 72.7% (8/11), 
and overall accuracy of 88.7 (47/53). For angiographic diag- 
nosis of such HCC against metastatic cancer and heman- 
gioma combined, specificity was 90.5% and overall accuracy 
92.1%. Sensitivity is the frequency of correctly diagnosing 
HCC, specificity is frequency of diagnosing other diseases 
correctly (distinguishing them from HCC), and overall accu- 
racy is the sum of correct diagnoses for HCC and the other 
diseases. 


Angiographic Changes in Cirrhosis 


In view of the high frequency of HCC among cirrhotics in 
the Far East, we studied 11 nonalcoholic men with biopsy- 
proven cirrhosis who were followed by imaging for at least 1 
year and who had normal serum alpha-fetoprotein (AFP) levels 
and developed no sign of HCC. Using 40 mi contrast medium 
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A 


Fig. 1.—A, Hepatic arteriogram shows no abnormality in arterial phase. B, Tumor stain in capillary 


phase (arrow) is only abnormality. 


Fig. 3.—Tumor stain in late arterial 
phase has unstained area in the center. 
Histologic examination shows necrosis 
mixed with fibrosis replacing old necro- 
SİS. 


Fig. 4.—48 x 34 mm oval tumor 
stain immediately below diaphragm 
contains roundand semilunar unstained 
areas (U). Histologically, unstained 
areas corresponded with fatty changes. 


3 


in the right hepatic artery and 35 ml in the left hepatic artery 
injected at a rate of 3 ml/sec (slow infusion), angiograms of 
the capillary phase were assessed. 

The parenchymal hepatogram consisted of reticular (Fig. 5) 
and nodular (Fig. 6) stains. Nodular stains larger than 5 mm 
were particularly difficult to distinguish from those due to 
HCC. In fact, there were altogether 17 nodular stains in seven 
cases of cirrhosis, the number ranging from one to six per 
patient. The size of nodular stain was 5-10 ml in nine and 
greater than 10 mm in eight, the largest being 18 mm. The 
stain was clearly demarcated in three (Fig. 6A), not clearly 
demarcated (but looking like a tumor stain) in five (Fig. 6B), 
and irregular in shape and poorly delimited in nine (Fig. 6C). 
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Fig. 2.—Round 32 x 28 mm tumor stain contains 
two unstained areas (U). 





Five such stains seen in three cases were interpreted as HCC. 
None of these seven cases developed signs of HCC after a 
minimum lapse of 6 months. 


Discussion 


Diagnosis of small HCC has been much imoroved with the 
advent of real-time linear-array sonography [8-10] and CT 
[11-13]. For the diagnosis of small HCC, radionuclide scintig- 
raphy is almost useless [9, 14]. Angiography often fails to 
demonstrate vascular changes emphasized in the past as 
characteristic of HCC, and the current study has made this 
point clear. The characteristic angiographic changes include 
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neovasculature, increased vascularity, tumor stain, dilated 
feeding arteries [1-4, 15], arterioportal shunts [16, 17], and 
portal [18] and hepatic venous tumor thrombi [19]. These 
changes are related to HCC histopathology, such as abundant 
blood spaces between trabecular tumor-cell nests, exclusive 
dependence on arterial blood supply, and propensity for intra- 
vascular invasion [20-22]. The lack of characteristic angio- 
graphic changes in small HCC suggests that the neovascu- 
lature has not yet developed fully when the tumor is still small, 
or that vascular changes are already present but angiography 
is not sufficiently sensitive to demonstrate them. This study 
also showed that a tumor stain is the major, and often the 
only, finding in small HCC, particularly in those HCCs smaller 
than 2 cm. To delineate tumor stain clearly, superselective 
infusion hepatic arteriography is most desirable [7, 8]. 
Pathologic studies have established than an expanding 
gross type of HCC is most common in Japan, in contrast to 
the more frequent spreading type of growth seen in the United 
States and South Africa [22, 23], and that expanding HCC 
contains several different masses with frequent necrosis and 
bleeding within the mass [20, 21]. The unstained area within 
the stain seemed to reflect necrosis, fibrosis, and fatty 
changes as Studied in a limited number of resected tumors in 


TABLE 2: Angiographic Diagnosis of Tumor Stains in Small 
Hepatocellular Carcinomas in Comparison with Stains due to 
Cirrhotic Nodules and Other Hepatic Lesions Smaller than 5 cm* 











Correct diagnosis 
Type of Tumor OOF 
, Patients Number Percent 
Hepatocellular carcinoma 42 39 92.9 
Cirrhotic nodule 11 8 fer 
Metastatic carcinoma 9 8 88.9 
Hemangioma 12 11 91.7 





è Blind evaluation by three angiographers. 


A 


Fig. 6.—Nodular stains in liver cirrhosis without cancer. A, Clearly demar- 
cated nodular stain (arrow) protrudes from surface after super-superselective 
middle hepatic arteriography. Several smaller nodules. B, Less clearly demar- 
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the current series. A recent study from this unit [24] has 
suggested that the sonographic pattern of small HCC 
changes as the tumor grows and that the internal echo pattern 
may have a predictive value for the speed of tumor growth. 
The angiographic stain also showed a similar relation to 
growth speed and invasiveness. 

The nodular stains demonstrated by super-superselective 
infusion hepatic arteriography in cirrhotic livers are difficult to 
correlate with pathology at this time. Unlike the western 
countries (where alcoholic micronodular cirrhosis predomi- 
nates), posthepatic cirrhosis, whether induced by B or non-A 
non-B hepatitis virus, is by far the most common cirrhosis in 
the Far East [2, 22, 25], and HCC frequently develops in such 
patients [26, 27] during a Clinical follow-up. The gross pa- 


Fig. 5.—Reticular 
stains seen in left lobe 
of cirrhotic liver after su- 
perselective infusion 
hepatic arteriography. 





cated nodular stains (at arrows), which were interpreted as tumor stains. C, 
irregularly shaped, poorly demarcated nodular stain (at arrow). 
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thology of such cirrhosis is characterized by macronodules 
and middle-sized nodules with thin stromas [25], which may 
produce nodular stains after infusion angiography. 

The current problem the hepatologists and radiologists are 
facing in the Far East is the differentiation of large benign 
regenerative nodules or adenomatous hyperplasia [28] from 
small HCC by imaging. By histologic examination, small mass 
lesions found in the liver by sonography and CT and subse- 
quently resected are often reported by pathologists as “be- 
nign”; these pathologists are beginning to learn that such 
lesions are preneoplastic or extremely well differentiated 
HCC, because often there are coexisting HCCs or HCC recurs 
within about 1 year after resection [29, 30]. For regularly 
scheduled medical check-up of cirrhotic patients for early 
detection of HCC as commonly practiced in Japan [9] and 
Taiwan [14], angiography is too invasive; sonography com- 
bined with AFP measurement is more practical and fruitful [9, 
14, 31, 32]. This strategy has been adopted by practically all 
gastrointestinal units in Japan, and many small HCCs and 
similar lesions are being detected and resected at an increas- 
ing rate [32-34]. 

The angiographic features of hyperplastic lesions in a cir- 
rhotic liver have to be defined and differentiated from those 
of HCC, if at all possible. In fact, some of the nodular stains 
seen in the control cirrhotics in this study could have been 
HCC, as the subclinical lag period before tumorigenesis is a 
matter of years, according to a recent study in Taiwan [35]. 
One needs ways to differentiate small HCC from preneoplastic 
lesions and benign large cirrhotic or hyperplastic nodules, or 
to predict the outcome of small nodular stains seen by super- 
selective infusion hepatic angiography. It is not clear whether 
superselective (the proper hepatic artery) arteriography is 
more diagnostic for HCC, nor whether super-superselective 
(the right or the left hepatic artery) angiography is too sensi- 
tive, producing many stains that mimic tumor stains. 
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Nonparasitic Splenic Cysts: 
A Report of 52 Cases with Radiologic- 
Pathologic Correlation 





We reviewed 52 cases of splenic cysts on file at the Armed Forces Institute of 
Pathology. There were 24 true (epidermoid) and 28 false (posttraumatic) cysts. The 
history and clinical presentations, including pain, splenomegaly, or mass, were similar 
in both groups. Radiologic manifestations included splenomegaly and the occasional 
identification of a distinct mass by conventional radiography even in the absence of 
calcification. The lesions produced a photopenic defect on nuclear scintigraphy and 
were avascular on angiography. Sonography and CT demonstrated a cystic lesion with 
occasional septations, wall trabeculation, and low-level internal echoes. Three false 
cysts demonstrated solid and cystic components on sonography and CT, corresponding 
to organizing hematoma within the cyst. Splenomegaly or a splenic mass of a predomi- 
nantly cystic nature with no clinical evidence of echinococcus suggests the diagnosis 
of splenic cyst. Reliable radiologic distinction between true or false splenic cyst does 
not seem possible. Complex mass may represent a “transition” between hematoma and 
false splenic cyst. 


The variety of classifications of splenic cysts reflects their heterogeneous nature 
[1-4]. Most current classifications are modifications of that given by Fowler in 1940 
[2]. Excluding cystic neoplasms and parasitic cysts, splenic cysts can be classified 
as “true” cysts containing an epithelial lining (also called epidermoid, epithelial, or 
congenital cysts) and “false” or pseudocysts without an epithelial lining. False cysts 
are presumed to be posttraumatic in origin and may be hemorrhagic or serous. 
Some are reportedly inflammatory (i.e., acute necrosis in infection) or degenerative 
(i.e., secondary to emboli), but this is controversial [1]. 

We reviewed 52 cases of nonparasitic, nontumoral splenic cysts on file in the 
Registry of Radiologic Pathology of the Armed Forces Institute of Pathology (AFIP) 
to correlate the clinical, pathologic, and radiologic findings. To our Knowledge only 
two cases were previously published [5, 6]. This series demonstrates the spectrum 
of radiologic findings and provides new evidence as to the pathogenesis of false 
cysts. 


Materials and Methods 


For 52 cases of nonneoplastic, nonparasitic splenic cysts with radiographs in the files of 
the Registry of Radiologic Pathology at the AFIP, clinical data were derived from summaries 
submitted by the case contributors. All diagnoses were confirmed by review of both gross 
and histologic data by the Department of Hematologic Pathology. 

The cysts were categorized as either “true” or “false.” True cysts have an epithelial cell- 
lined internal wall that is often stratified with demonstration of intercellular bridges. Rarely, 
the wall is only a single layer thick. The absence of epithelial cells was the basis for classifying 
a cyst as false. 

Cases were included only if radiologic data were available for review and analysis. Plain 
films were available on 42 cases (21T, 21F) (T = true cyst, F = false cyst) and analyzed ‘or 
presence of splenic mass vs splenomegaly, adjacent organ compression, and any pattern of 
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TABLE 1: Clinical Presentation of Splenic Cyst 


Signs or Symptoms True Cysts 


Abdomina! pain 1 
Paipable spleen or mass, pailons 
_ Increase in size with time 
Pain In left shoulder 
Nonspecific gastrointestinal pain 
No symptoms 
History of trauma 
Proteinurla (resolved after en 


tomy) 





False Cysts 
11 
10 


ho to 3-4 a om © 
A 





calcification. Upper gastrointestinal series or barum enema were 
evaluated in 24 cases (8T, 16F) for the extent of extrinsic compres- 
sion. Excretory urograms in 24 cases (12T, 12F) were evaluated for 
, extent of compression on the kidneys and total-body-opacification 
effect in the spleen. Nuciear scintigrams included a liver spleen scan 
in 25 cases (14T, 11F), gallium scan in one (F), and technetium- 
labeled red-biood-ca# scan in one (T). Splenic angiograms available 
in 20 cases (71, 13F) were analyzed for vascularity of the spleen and 
extrinsic compression of adjacent structures. Sonograms in 24 cases 
(11T, 13F) were analyzed for lesion location, echogenicity, and inter- 
nal structure. CT scans in 13 cases (7T, 6F) were evaluated for 
location, internal structure, calcification, and enhancement of the 
lesion. . 


Results 


The 24 true cysts occurred in patients in the age range 7- 
32 years (average, 17.9), and the 28 false cysts occurred In 
patients ranging in age from 15-62 years (average, 30). True 
cysts were noted in two males and 21 females, while false 
cysts were present in nine males and 19 females. Gender 
was not specified in one patient. A summary of the clinical 
presentations appears in Table 1. In 43 cases the cyst origl- 
nated in the upper pole, while in nine cases (four true and five 
false) the cyst originated in the lower pole. This included one 
true cyst in the lower pole of a mobile or “wandering” spleen. 
The lesion was unilocular, except for two false cysts that 
were multilocular and one true cyst with a single septation 
peripherally. The average largest dimension was 13 cm with 
no significant difference in size between true and false cysts. 
There were adhesions to adjacent structures in three true 
cysts (to diaphragm, omentum, and left lobe of the liver, 
respectively) and in six false cysts (to diaphragm, left lobe of 
the liver, and tall of the pancreas). In one case of false cyst, 
there was a hematoma in adjacent splenic tissue. The wall of 
both types of cysts had varying degrees of trabeculation and 
fibrous tissue (Fig. 1A), except in five cases of false cyst in 
which the Inner wall was smooth. 

The contents of the cyst were liquid, varying from brown 
to yellow or green in color in 49 cases, probably because of 
the breakdown components of blood. In three cases, the fluid 
was described as “clear.” True and false cysts could not be 
distinguished on the basis of the gross appearance. in three 
cases, the cyst contents had mixed solld and liquid compo- 
nents, with the appearance resembiing that of an organizing 
hematoma; these were all false cysts (Fig. 1B). 
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Abdominal films (either plain film or barium-contrast study) 
showed splenomegaly in 12 of 21 true cysts and in 13 of 21 
false cysts (total 25 of 42). Distinguishing a splenic mass from 
splenomegaly was possible in six true cysts and eight false 
cysts, occasionally even in the absence of calcification by the 

observation of a round mass with an ihtact splenic tip inferiorly 
(Fig. 2A). 

Rim calcification was seen in one true cyst and eight false 
cysts, two of which suggested a trabecular pattern to the 
cyst wall (Fig. 2B). The plain film was normal in one case of a 
small (5 x 7 cm) true splenic cyst. 

The bowel was visible on plain fim or barium study in 21 
cases each of true and false cyst. Mass extrinsic effect 
occurred on the greater curvature of the stomach in 18 true 
cysts and 16 false cysts, sometimes deviating the stomach 
to the right of midiine. The splenic flexure was depressed in 
two true and seven false cysts, and in one true cyst the 
descending colon was deviated medially. The bowel-gas pat- 
tern was normal in one false cyst. The left hemidiaphragm 
was elevated In four true and six false cysts. 

Excretory urography demonstrated a depressed left kidney 
in 10 of 12 true and seven of 12 false cysts and rotation of 
the kidney in one true cyst; it was normal In two true and five 
false cysts. The total-body-opacification effect of the IV ex- 
cretory urogram caused visualization of the splenic cyst in 
one case each of true and false cyst. 

The lesion was avascular on all angiograms. The aorta was 
deviated to the right In one case each of true and false cyst. 

The nuclear scans demonstrated a solitary defect. In one 
case with associated hematoma in adjacent spleen, two 
defects were produced on the spleen scan. Often a thin rim 
of normal spleen was seen surrounding the defect. A wan- 
dering spleen (e.g., a mobile spleen with a long pedicle) 
containing a true cyst was seen on spleen scan correlating 
with a mass on plain film that was not suspected of being 
splenic in origin because of Its location In the left lower 
quadrant (Fig. 3). 

Sonography demonstrated a cystic lesion in eight of 11 
true and 11 of 13 false cysts with few focal low-level internal 
echoes in two cases each of true and false cyst (Fig. 4A). The 
remaining three true cysts had low-level Internal echoes scat- 
tered throughout, with good through-transmission. Two false 
cysts had a mixed pattern with solid components and ane- 
choic spaces with good through-transmission (Fig. 4B). These 
two correlated with the gross appearance resembling resolv- 
Ing hematoma (Fig. 1B). Calcium was suggested by bright 
wall-echoes with shadowing in three cases each of true and 
false cyst. Trabeculation of true cyst wall was suggested by 
wall irregularity in four true and two false cysts. 

CT demonstrated a low-density lesion consistent with a 
cyst in all seven true and four of six false cysts. No enhance- 
ment was observed. Cyst-wall trabeculation or peripheral 
septation was suggested in six of seven true and one of six 
false cysts (Fig. 5A). Rim calcification was evident in one true 
and three false cysts. Two false cysts were atypical and had 
areas of Increased density centrally, wall calcification in one 
and possible septal calcification in the other (Fig. 5B). These 
two cases corresponded to the gross appearance resembling 
areas of resolving hematoma (Fig. 1B). 
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Fig. 1.—Pathology. A, True splenic cyst, cut gross section. Glistening white 
trabeculations (resembling chordae tendinae of heart) line internal wall of cyst, 
some of which appear as septations. Two liters of clear, yellowish fluid were 
evacuated from cyst at surgery. B, False splenic cyst with hematoma, cut gross 





2B 


Fig. 2.—Plain film. A, True splenic cyst visible as mass. View of left upper quadrant demonstrates enlarged 
spleen. Configuration of lower margin suggests rounded large mass (arrows) and residual intact splenic tip 
(arrowheads). This configuration suggests a discrete mass, rather than splenomegaly. B, False splenic cyst with 


calcification. Wall, trabeculae, and septations (arrows) are calcified. 


Discussion 


Contemporary clinical and pathologic understanding of 
splenic cysts is derived from one comprehensive series [7], 
as well as numerous case reports [8-13]. Although most 
occur in the second and third decade, both true and false 
cysts have been encountered in all age groups, including 
infants [8, 10-13]. In the current series of patients, the seven 


section. Extensive organizing hematoma and debris fill this false splenie cyst. 
C, Microscopy of true cyst (160x). True cyst demonstrating fibrous wall and 
stratified squamous epithelial lining. 





3 


Fig. 3.—Nuclear scintigraphy. True 
splenic cyst in a wandering spleen. Tech- 
netium sulfur-colloid scan shows abnormal 
caudal location of spleen. A rim of splenic 
tissue surrounds large defect in lower pele; 
this defect represents true splenic cyst. 


oldest patients (ages 36 to 62 years) all had false cysts. 
Symptoms caused by the cyst are nonspecific, such as epi- 
gastric fullness or pain, and are best related to compression 
of adjacent organs such as stomach, diaphragm, or kidney 
[3, 14-17]. Rarely, reversible hypertension due to renal artery 
compression may be seen [3, 14, 17]. Acute abdominal pain, 
or a rapid increase in size of the cyst, may occur because of 
infection or rupture of a cyst [14, 18-23], although a gradual 
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Fig. 4. Sonography. A, True splenic cyst (same case as Fig. 1A). Sonog- 
raphy in parasagittal plane shows cystic lesion with good through-transmission 
and low-level internal echoes. Trabeculated wall is evident with a septation 
(arrowheads) at posterior aspect. Bright echoes may represent calcification. 
Compressed rim of residual spleen is seen inferiorly (arrows). B, False splenic 





increase in cyst size may be seen as well [14, 18, 19]. 

The histology of the lining of the cyst wall is the basis for 
distinguishing true from false cysts. It has been thought that 
a false cyst results from an unrecognized traumatic splenic 
hematoma as discussed in a following paragraph. The possi- 
bility that either infarction or infection of the spleen can result 
in a false splenic cyst has also been considered [17, 24-26]. 
On the other hand, the epithelial lining in the true cyst sug- 
gests a developmental origin. Possible explanations for the 
pathogenesis of true cyst include (1) infolding of peritoneal 
mesothelium after rupture of the splenic capsule, (2) collec- 
tions of peritoneal mesothelial cells trapped in splenic sulci 
[27], or (3) origin from normal lymph spaces [28]. 

The radiographic findings on plain film of the abdomen, 
chest, excretory urogram, and barium studies are those of 
extrinsic mass effect from the spleen (Fig. 2) [7, 9, 12, 18, 
29-31]. Curvillinear or plaquelike calcification is present in up 
to one-quarter of false cysts (Fig. 2B) [7, 30], but is less 
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cyst with organizing hematoma: parasagittal sonogram shows complex mass 
w'thin spleen with few cystic areas dispersed within dense echogenic sub- 
stance. Bright echoes along the cyst’s ventral wall with shadowing represent 
wall calcification (arrows). Residual splenic tip is seen anteroinfertorly (arrow- 
head). 


Fig. 5.—CT. A, True splenic cyst. CT shows 
homogeneous low-dersity large lesior (mean den- 
sity = 32 H) with septation (arrowheads) and com- 
pressed splenic rim posteriorly (arrows) corre- 
sponding to sonographic findings (seme case as 
Figs. 1A and 4A). B, False splenic cyst. CT shows 
a relatively low-density lesion with internal, higher 
density, circular structures corresponding to organ- 
izing hematoma (white arrowheads). Calcification 
within wall (arrows). A second smaller cyst (black 
arrowhead) and adjacent calcification are also seen. 
Residual splenic rim seen ventrally also corre- 
sponds to sonographic findings (same case as Fig. 
4B). 


common in true cysts [31]. If the spleen has a long pedicle, 
the mass effect or calcification may occur in an unusual 
location (Fig. 3) [19, 32]. A discrete mass, rather than mere 
splenomegaly, may be diagnosed on plain film even in the 
absence of calcification, by demonstrating a relatively acute 
angle in the splenic contour (Fig. 2A). A discrete mass may 
also be detected as a hypodense area in the spleen in the 
total-body-opacification phase of excretory urography. 

Angiography demonstrates an avascular mass and devia- 
tion of adjacent structures [33-35]. Occasionally, the cyst 
wall may appear thickened in the capillary phase, possibly 
reflecting an inflammatory process [34]. Cross-sectional im- 
aging techniques have replaced angiography in the diagnosis 
of splenic cyst [36]. 

Sonography or CT demonstrates the splenic origin of the 
lesion as well as its cystic nature (Figs. 4 and 5) [5, 22]. If the 
cyst is hemorrhagic, there may be layering of two fluids within 
the cyst, with the dependent layer being relatively echogenic, 
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as reported in two cases by Propper et al. [31]. While we did 
not see layering, low-level internal echoes were common and 
possibly due to cholesterol crystals or other breakdown prod- 
ucts of hematoma that are known to be echogenic [37-39]. 
Highly echogenic splenic cysts have been reported [37-39]. 
The few reports of CT findings in splenic cysts have described 
smooth-walled masses of near water density and nonen- 
hancement after IV contrast material (Fig. 5A) [36, 40, 41]. 
Wall calcification has been reported only once [41]. 

CT was somewhat better than sonography in demonstrat- 
ing the trabeculated or septated nature of the cyst wall and 
wall calcification, perhaps because of the location of the 
spleen within the rib cage and the resultant technical difficul- 
ties for sonography. Sonography was particularly useful in 
demonstrating the complex nature of the cyst that contained 
organizing hematoma (Fig. 4B). 

In three cases, combined features of cyst and organizing 
hematoma were seen as masses with cystic and solid com- 
ponents on both CT and sonography (Figs. 1B, 4B, and 5B). 
This finding supports the concept that false cysts are the 
consequence of traumatic hematoma. Alternatively, the he- 
matoma in these “transition” cases could be due to hemor- 
rhage intosan already formed cyst. Conceivably, in a true cyst 
complicated by bleeding and resultant distension, the in- 
creased pressure within the cyst may cause atrophy of the 
inner lining. Areas of residual epithelial lining may be missed 
on limited sectioning of the wall. 

While surgical removal of the cyst has been preferred, 
splenectomy should be avoided if possible, to reduce the risk 
of subsequent infection. Laparoscopic cyst puncture and 
creation of a cyst-peritoneal window under general anesthesia 
has been successfully performed in one case without recur- 
rence after an 8-month follow-up [42]. Needle aspiration and 
splenography are not merely of historic interest [43], since 
there have been recent reports of needle aspiration of splenic 
lesions for diagnosis [44] and for therapy [45]. With all splenic 
cysts, the primary concern is the remote occurrence of an 
echinococcal cyst with false-negative serology. 

In summary, a large cystic mass with a relatively thin wall 
localized in the spleen is likely to be a false or true cyst. The 
diagnosis of a false cyst should be favored if there is a clear 
history of trauma, if the patient is older than the fourth decade, 
if there is hematoma elsewhere in the spleen, or if the cyst 
wall is calcified. Low-level echoes or debris in a predominantly 
cystic mass is also consistent with the diagnosis of a splenic 
cyst, as is a complex mass with large cystic areas. The 
differential diagnosis includes echinococcal cyst (which often 
appears multiseptated), large solitary abscess or hematoma 
(the clinical context is usually diagnostic), the rare intrasplenic 
pancreatic pseudocyst [23], or cystic neoplasm of the spleen 
(cystic hamartoma, hemangioma, or lymphangioma [46, 6]). 
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Technical Note 


A New Needle for Puncture Biopsy 


Dexing Qin’ 


A new biopsy needle has been in clinical use for the past 3 
years with which a strip of tissue 1.5-2 cm in length can be 
obtained and a biopsy performed within 3-4 sec. The speci- 
men that is obtained is adequate for either cytologic or 
histologic examination. 


Materials and Methods 


The needle is made using stainless steel tubing with an outer 
diameter of 0.7 to 2 mm. The tubing may be cut into different lengths 
depending on the clinical need. The tip of the needle is fashioned by 
cutting a trough 0.2-0.3 mm wide and 2 cm long and then making a 
point (Fig. T). A stylet is also used. 

The needle with stylet is inserted and guided to the target using 
conventional techniques. In order to get more tissue into the lumen 
of the needle and to avoid crushing the sample, insertion of the needle 
must be slow, constant, and gentle. When the tip of the needle has 
reached the surface of the tumor, the stylet is withdrawn and the 
hollow needle is advanced into the tumor. The tumor tissue enters 
the hollow needle along the trough. Once the tip of the needle has 
entered the tumor, the needle is moved forward and backward and 
twisted 2 or 3 times. The needle is then withdrawn along with the 
tissue sample. The stylet is used to push the tumor tissue out of the 
needle. The tissue is used to prepare 2 or 3 smears, which are 
immediately placed in 95% ethanol. Larger fragments of tissue are 
placed in a 10% formalin solution. 


Discussion 


The needles described can be used for biopsy of various 
organs and sites in the human body. The 0.7-1 mm outer 
diameter needle is similar to the fine needles used for cytologic 
aspiration biopsy. The needle with an outer diameter of 1.2- 
2 mm is similar to those used to obtain histologic samples. 
These needles have been used for biopsies of the brain, 
pituitary, eye, lung, mediastinum, breast, liver, spleen, kidney, 
pancreas, prostate, retroperitoneum, bone, and lymph nodes. 
A total of 604 biopsies have been performed with a positive 
yield of 91%. These results compare favorably with other 
needles [1, 2] and with the previously described “multiple- 
hole” and “half-wall” needles used by the author [3]. These 
types of needles are simple and easy to make, but are more 
difficult to use. The trough-type needle is harder to manufac- 
ture, but is easier to use and safer in clinical practice. Removal 
of the tissue sample is easy, and the amount of tissue is 
adequate for pathologic examination. The trough needle is 
particularly useful for biopsy of lung cancer, because the 
biopsy can be done quickly. Pneumothorax has been ob- 
served in only three out of 431 cases (0.7%). 





Needle with stylet advanced 





Needle pushed into tumor 











Stylet advanced 


Fig. 1.—Trough-type needle can be safely used for immediate biopsy of 
various organs and sites in the human body. Removal of tissue sample is easy, 
and amount of tissue obtained is adequate for either cytologic or histologic 
examination. 
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Musculoskeletal Magnetic Resonance Imaging. By Edward J. Easton and John A. Powers. Thorofare, NJ: 


Slack, 168 pp., 1985. $39.50 


This short but explicit book consists of seven chapters and an 
appendix of quiz cases and answers. There is no stated purpose in 
this book, but the author emphasizes the ability of MR to exceptionally 
image cancellous bone and its potential in evaluating musculoskeletal 
disease. The ability of MR to image the extent of soft-tissue abnor- 
malities, the visualization of ligaments and tendons, and the direct 
demonstration of the spinal cord is clearty demonstrated. 

The first chapter provides a brief review of important principles in 
obtaining and manipulating an image in the assessment of clinical 
problems. Although briefly described, the basic principles are clearly 
expressed. This chapter also contains comments on magnet design, 
radiofrequency coils, and site and safety considerations. 

The second chapter deals with disease of the hip and pelvis. Most 
of this chapter deals with the pathophysiology, diagnosis with em- 
phasis on MRI, and staging of aseptic necrosis of the femoral head. 
Short paragraphs on degenerative joint disease, ankylosing spondy- 
litis, prosthetic loosening, Legg-Perthes disease, and congenital dis- 
location of the hips are also included in this chapter. 

MRI of the extremities, primarily of the knee joint, with short notes 
on the ankle joint and shoulder joint are covered In the third chapter. 

Chapter four describes the evaluation of the soft tissues and 
Includes tissue Injuries and musculoskeletal tumors. The superiority 
of MRI in discriminating soft-tissue tumor from surrounding muscle 


and subcutaneous tissue is emphasized, but it Is stated that the plain 
flims remain the mainstay of the differential diagnosis. Bone-marrow 
disease is also described and the value of MRI in the diagnosis of 
multiple myeloma is emphasized. 

Disk degeneration, rheumatoid spinal changes, diskitis, osteomye- 
itis, and metastatic disease are described in chapter five. The excel- 
lence of MRI in the demonstration of the spinal cord is emphasized, 
and tumors, cavities, atrophy, infection, and demyelination are well 
demonstrated. 

Chapter six is a short description of use of MRI in the temporo- 
mandibular joint. The final chapter consists of a short discussion on 
cost effectiveness of MR. 

The book is the result of cooperation by a nuclear medicine 
specialist and an orthopaedic surgeon. To my knowledge it Is the 
first book on the subject, and serves well as an Introduction to MRI 
in musculoskeletal disease. The photographic prints are excellent 
and the legends are accurately descriptive. | recommend this book 
to residents-in-training and to radiologists as a short mtroduction to 
musculoskeletal MRI. 


R. W. McCallum 
St. Michael's Hospital 
Toronto, Ontario, Canada M5B 1W8 


Cranial Computed Tomography: A Comprehensive Text. By Alan L. Williams and Victor M. Haughton. St. Louis: 


Mosby, 655 pp., 1985. $90 


This book was written as a reference for neuroradiologists, a basic 
guide for radiologists-in-training, and a convenient source book for 
neurologists, neurosurgeons, radiologists, medical students, and neu- 
roscientists in general who are interested in CT. 

The outstanding feature of this book is the high quality of its 1160 
Hlustrations. Almost all were obtained on state-of-the-art scanners. 
Furthermore, many of the pages display only two images without 
text, resulting In a large size that is a pleasure to view. The images 
are periodically supplemented by many fine anatomic drawings. 

The book's 14 chapters, inchiding normal anatomy, infectious 
diseases, temporal bone, and neonatal brain provide a comprehensive 
discussion of a wide variety of conditions affecting each area. The 
authors succeeded in compiling a balanced, concise, and up-to-date 


source of Information for the intended readers. 

The book has no serious deficiencies. Only a few topics seem to 
deserve more space than is provided. These include orbital trauma 
and certain white-matter diseases, such as progressive multifocal 
leukoencephalopathy (briefly discussed but not illustrated). 

Cranial Computed Tomography is probably the best book available 
on this topic for general diagnostic radiologists, radiolog!sts-in-train- 
ing, Neurologists, and neurosurgeons. At $90 it would be a worthwhile 
addition to most department fbraries. 


Mark E. Healy 
University of California, San Diego 
San Diego, CA 92703 
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Perspective: 
Three-Dimensional Imaging 
of the Musculoskeletal 
System 





An evaluation of musculoskeletal disorders in 202 patients using three-dimensional 
CT displays has revealed the usefulness of the technique, especially in patients with 
fractures of skeletal areas with complex anatomy, articular disorders of the hip, and 
spinal stenosis. In some cases, plastic models of diseased areas have been created 
from the CT data and are reasonably accurate, providing a graphic representation of 
the disease and the ability to perform rehearsal surgery. A preliminary investigation of 
three-dimensional displays of MR images indicates that the technique is feasible, 
although its clinical practicality requires further analysis. 


Abnormalities in those areas of the musculoskeletal system that have complex 
anatomy are often difficult to interpret using standard radiographic techniques. 
Although CT may facilitate accurate interpretation, allowing the reformation of the 
original CT data in secondary axes, the resulting image displays remain two- 
dimensional in nature. In these cases, the third dimension is provided through 
mental integration by the observer, a task that requires considerable experience 
and expertise. An alternate approach involves the use of computer systems to 
provide a pseudo-three-dimensional (3D) analysis of the CT data [1-3], a technique 
that we have employed in over 200 patients during the past 15 months. Although 
scanning protocols and clinical applications varied, we have found 3D CT displays 
to be most useful in evaluating complex fractures of the spine, osseous pelvis, 
shoulder region, and facial bones, articular disorders of the hip, and spinal stenosis. 
In selected cases, plastic models of diseased areas were constructed using a 
computer-interfaced milling machine [4]. Preliminary evaluation of the feasibility of 
3D analysis applied to MR images was also undertaken. 


Materials and Methods 


CT images were acquired on Technicare 2060 and General Electric 9800 scanners. 
Multiplanar reformations and 3D images were obtained with thin contiguous or overlapping 
slices and minimal patient motion during data acquisition. The images were obtained using a 
2-mm slice thickness and a 2-mm table incrementation or, more frequently, a 5-mm slice 
thickness and a 3-mm table incrementation. 

Image processing was performed on the Cemax 1000 (Cemax Medical Products, Mountain 
View, CA), which consists of a multiuser 32-bit microprocessor, a high-resolution 1024 x 
1280 display system, and menu-driven software. CT or MR scan data were transferred to 
the computer system by 9-track magnetic tapes. Each voxel was deconvolved into a 
symmetric cube by a linear-interpolation scheme and 3D filter appropriate for the specific 
type of image and tissue to be studied. The resampling of the voxel provided a uniform spatial 
interval in all three dimensions. The surface of the desired structure, generally the outer edge 
of a skeletal bone, was defined by locating the voxel with a CT number value equal to the 
half-maximum point of the edge gradient [5]. The surface contour was computed for each 
interpolated slice (Fig. 1A), stacked according to the separation between interpolated slices 
(Fig. 1B), and stored as a contour file. The interpolation process greatly facilitated the 
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Fig. 1.—Production of a 3D CT display. A, A surface contour is generated 
for each CT slice of spine by locating voxels with value equal to half-maximum 
point of edge gradient. B, Contours are stacked according to slice separation. 


EFT-RIGHT ROTATION ANGLE = 





Fig. 2.—Final 3D CT display. Normal shoulder. Major image (top right) 
represents anterior view of humeral head, clavicle, and scapula. At periphery 
of major image, shoulder is viewed from various perspectives. 


generation of high-quality two-dimensional reformations in arbitrary 
planes. 

The generation of pseudo-3D images was performed from the 
contour files in any desired projection view. A variety of graphic 
display options were employed to portray the 3D information, includ- 
ing range encoding, depth-encoded displays, full- and partial-reflec- 
tance models, and ring stacking. Images were rotated in space at 
near real-time rates to allow viewing of the anatomy from any desired 
angle. For reflectance displays (Figs. 1C and 2), the simulated light 


C 


Every fourth interpolated slice is displayed for the fourth lumbar vertebra. C, A 
solid-surface reflectance display is shown for a right lateral view of fourth 
lumbar vertebra that has been separated from spine by software editing. 


TABLE 1: Clinical Applications of Three-Dimensional CT 
Imaging in 202 Patients 
SS SS ee A eee eee 





Region boreal Primary Diagnosis (No.) 
Spine 80 Degenerative disease (26) 
Spinal stenosis (15) 
Trauma (8) 
Infection (8) 
Others (23) 
Pelvis 32 Ischemic necrosis (13) 
Osteoarthritis (7) 
Trauma (6) 
Others (6) 
Shoulder 30 Trauma (16) 
Arthritis (6) 
Others (8) 
Other regions® 60 Miscellaneous problems — 


2 SSS ESS SS a Se ee ee a 

* Other regions include femur and knee (30 patients), skull and face (10 patients), foot (7 
patients), and miscellaneous sites (13 patients). The primary diagnoses in these 60 patients 
varied widely; consequently, they are not listed here. See text. 


source was translated in real time to allow better delineation of 
surface detail. Production of surface contours greatly facilitated ed- 
iting or moving of structures in 3D, such as the separation of joint 
surfaces or the removal of overlying tissues. Subsets of the entire 
stack of slices were used to view internal structures as well. 

The data were interfaced with a computer-controlled numeric 
milling machine to produce solid polyethylene models of the desired 
anatomy in selected cases. 


Clinical Applications 


After evaluating 202 patients with musculoskeletal disor- 
ders using 3D CT, we have found our technique to be most 
useful in the evaluation of complex anatomic regions such as 
the spine, pelvis, and shoulder (Table 1). The following is a 
review of typical clinical applications for 3D CT imaging of 
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musculoskeletal disorders using examples of cases in which 
this technique allowed better visualization of the disease than 
conventional imaging techniques. 


Spine 


Three-dimensional CT identified osseous abnormalities ac- 
companying degenerative diseases, trauma (Fig. 3), and in- 
fection as well as those in the postoperative lumbar spine. It 
was less beneficial or of no benefit in the investigation of soft- 
tissue alterations, including discal displacements and hyper- 
trophy of the ligamenta flava. With regard to complex vertebral 
fractures, 3D CT enabled us to precisely delineate the site 
and size of osseous fragments within the spinal canal and to 
determine the extent of disruption of the posterior osseous 
elements. Removal of these latter structures could be accom- 
plished by appropriate editing of the image data, and provided 
an unobstructed view of the posterior portions of the vertebral 
bodies and intervertebral disks. 

Spondylosis deformans and osteoarthritis of the apophy- 
seal joints were the two degenerative processes that were 
best evaluated by 3D CT, especially when marked degener- 
ative changes were accompanied by spondylolisthesis, ky- 
phosis, or scoliosis. When both surface and sectional 3D CT 
image displays were used, the osseous contributions to spinal 
stenosis, including bone overgrowth and osteophytosis, were 
readily identifiable. Three-dimensional CT was less useful in 
the evaluation of patients with primary or secondary spinal 
neoplasms (Fig. 4) and infection. 





A 


Fig. 3.—Spine. Complex fracture of first lumbar vertebra. A, Lateral radi- 
ograph reveals burst fracture of vertebral body with significant involvement of 
both anterior and posterior segments. B, These 3D CT image displays show 
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Osseous Pelvis and Hip 


We used 3D CT to examine the osseous pelvis or hip (or 
both) in 32 patients and found the method to be most useful 
in those patients with complex fractures of the pelvis that 
extended into the sacroiliac joint or involved the acetabulum, 
osteoarthritis of the hip, or ischemic necrosis of the femoral 
head. Although 3D CT was not beneficial in the early detection 
of either of these last two disorders, it was found to be a 
useful preoperative technique in patients with osteoarthritis 
of the hip and in those with ischemic necrosis in whom the 
presence and degree of collapse of the femoral head influ- 
enced the choice of a therapeutic strategy (Fig. 5). In four 
patients (two with osteoarthritis; two with ischemic necrosis), 
plastic models of the femoral head were created for exami- 
nation by the orthopedic surgeon before surgery (Fig. 6). 


Shoulder 


In 30 patients in whom the shoulder was examined by 3D 
CT, the most beneficial results were obtained in those with 
complex fractures of the scapula (Fig. 7) or proximal portion 
of the humerus, and in those with previous single or recurrent 
dislocations of the glenohumeral joint. The identification of a 
cartilaginous Bankart lesion in several patients required com- 
puted arthrotomography with standard axial CT scans, but 
the delineation of osseous Bankart and Hill-Sachs lesions in 
association with anterior glenohumeral joint dislocations and 





fractured vertebra from different points of view. Small image at bottom right 
represents posterior view after laminae and spinous processes have been 
removed by manipulation of software system. 
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A 


Fig. 5.—Hip. Ischemic necrosis of femoral head. A, Patchy osteolysis and 
osteosclerosis are evident, but collapse of femoral head is not apparent. B, 3D 


of trough fractures of the humeral head in association with 
posterior glenohumeral joint dislocations was better accom- 
plished with 3D CT (Fig. 8). In no case, however, did the latter 
technique document a bone defect that was not apparent on 
the axial CT scans. 





Fig. 4.—Spine. Plasmacytoma. A, Lat- 
eral radiograph reveals osteolysis of a 
lumbar vertebral body with involvement 
of pedicle. B, 3D CT image display shows 
lateral view of invelved vertebra. Degree 
of pedicular and laminar involvement is 
evident. 


LEFT-RIGHT ROTATION ANGLE = 





CT displays from different perspectives reveal segmental collapse involving 
anterior aspect of femoral head (arrow). 


Miscellaneous Sites 


Three-dimensional CT was used to evaluate other muscu- 
loskeletal regions, particularly the knee, skull, and facial 
bones, in 60 additional patients. The technique was useful, 
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Fig. 6.—Hip. Osteoarthritis. A, 3D CT display, viewed from anterior aspect 
of hip, documents considerable superior-joint-space narrowing and osteophytes 
at femoral head-femoral neck junction. B, Polyethylene model created from 3D 





Fig. 7.—Shoulder. Complex fracture of scapula. 3D CT display of posterior 
aspect of shoulder regian is shown. Note intraarticular extension of fracture 
line. 


but not essential, in these cases (Fig. 9), although limited 
experience using this method in the assessment of facial 
deformities and trauma has been promising. 


Soft Tissues 


The analysis of soft tissues, including the cruciate ligaments 
of the knee, the intervertebral disks, and the meniscus of the 
temporomandibular joint, with 3D CT has not been as useful 
as the analysis of bones. 
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data. Femoral osteophytes are again apparent. Femoral head and acetabulum 
can be viewed together or separately. 


MRI 


To date, we have attempted 3D analysis of MR data in five 
patients (the spine in two patients and the hip in three pa- 
tients), and our preliminary results regarding its clinica! appli- 
cability are inconclusive. We have used narrow contiguous 
slices in the axial plane, obtained with a 1.5-T General Electric 
system. The easiest osseous structure to contour was the 
marrow, owing to its high signal intensity (Fig. 10). We have 
not applied this technique to the evaluation of soft-tissue 
abnormalities. 


Discussion 


Our experience with more than 200 patients with muscu- 
loskeletal disorders indicates the feasibility of using 3D CT as 
an adjunct to other imaging techniques. We realize that the 
method does not provide new data but rather presents stand- 
ard data in a different manner, but we also recognize that the 
resulting image displays are easier to comprehend by many 
of our clinical colleagues, and are particularly useful in the 
preoperative evaluation of a number of disorders. When the 
images are rotated and viewed from different perspectives, 
these displays result in a graphic representation of the mor- 
phology of the disease process, and appropriate editing on 
the video monitor can eliminate overlying or adjacent struc- 
tures that might otherwise interfere with this representation. 
The interfacing of the image data with a numerically controlled 
milling device further enhances the value of 3D CT by allowing 
the creation of reasonably accurate polyethylene models of 
the osseous structures. These models can be useful in the 
planning of a specific surgical procedure and can provide an 
aid for rehearsal surgery (not shown in this study). Further, 
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Fig. 8.—Shoulder. Bankart lesion after anterior glenohumeral joint disloca- 
tion. A, Axial CT scan after introduction of air into glenohumeral joint reveals 





the creation and design of prosthetic implants directly from 
the CT data is a natural extension of this modeling method. 
As with any new technique, the ultimate value of 3D CT 
must be determined by weighing its advantages and disad- 
vantages and by recognizing its limitations. Specific disadvan- 
tages of this method include the cost of the software system 
($30,000 to 200,000) and the time and effort required to 
produce the 3D image displays (30 min to 1 hr). The creation 
of plastic models from the image data is currently accom- 
plished at a single central facility. With regard to radiation 
exposure to the patient and examination time, we have found 
these parameters to be identical to those encountered during 
routine CT imaging [5]. The majority of our images were 
obtained with a 5-mm slice thickness and a 3-mm table 
incrementation or with a 2-mm slice thickness and a 2-mm 
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an osseous and cartilaginous Bankart lesion (arrow). B, Several 3D CT displays 
also show osseous component of lesion (arrow). 


Fig. 9.—Knee. Depressed fracture of 
tibial plateau. A, Routine radiograph re- 
veals fracture of lateral tibial plateau with 
osseous depression manifest as an in- 
crease in subchondral radiodensity. B, 3D 
CT display, looking down on tibia from 
above, shows extent of osseous depres- 
sion (arrows). 


table incrementation, strategies that we routinely employ 
during CT of the musculoskeletal system. However, because 
patient movement can lead to a marked deterioration in the 
quality of 3D CT displays, patient cooperation is mandatory. 

Our experience also indicates that this method is better 
applied to tissues of high contrast, such as bone, than to 
those of lower contrast, such as soft tissues. Adequate 3D 
CT displays of muscles, ligaments, or cartilage are difficult to 
obtain, although increasing the contrast of the tissues relative 
to that of adjacent structures (for example, by the intraar- 
ticular injection of air) is occasionally useful. 

It is difficult to draw absolute conclusions about the clinical 
usefulness of 3D CT. Our experience and that of others [6- 
9] indicates that this method is beneficial in most cases, and 
occasionally is essential in the management of the patient. 
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Atlas of Normal Fetal Ultrasonographic Anatomy. By Richard A. Bowerman. Chicago: Year Book Medical Publ., 


172 p., 1986. $41.50 


This book is an atlas of normal fetal anatomy. The chapters include 
“Fetal Scanning,” “Fetal Well Being,” “Early Development,” “Head and 
Neck,” “Spine,” “Thorax,” “Abdomen and Pelvis,” “Genitalia,” and 
“Extremities.” This book does not cover anatomy of the placenta, 
cervix, or multiple gestations. There are no tables included for ges- 
tational dating. First, the author gives practical suggestions on how 
fetal scanning should be performed and the approach to the fetus. | 
found this particularly helpful in regard to scanning the spine and 
basically performing a complete examination. The first two chapters 
are rather brief and simple (renal disease is the only cause given for 
oligohydramnios), but this seems to be the objective of the author 
and it seems to work well for this atlas. The remaining chapters 
consist of figures alone. The book is extremely well organized: it is 
easy to find a desired area of anatomy. 

The illustrations are the high point of the text; they are made from 
predominantly state-of-the-art equipment and are superb. The label- 
ing is easy to follow. The figure legends offer additional hints for 
scanning patients and understanding the anatomy. Although much 
important information is given in the figure legends, there are few 


references to the exact location where the information was obtained. 
At the end of each chapter there is a list of references, some chapters 
being quite complete, and others being quite short. The chapters on 
the fetal head and spine are particularly well done, explaining many 
of the pitfalls in examining these fetal parts. 

The 2-D fetal echocardiography is well illustrated, demonstrating 
not only the four chambers, but also the great vessel orientation in 
different projections, the ductus arteriosus, and the aortic arch. 
Unfortunately there is only one M-mode tracing for determining fetal 
heart rate. Today, M-mode tracings may be performed to evaluate 
the four valves, the chamber sizes and contractility, wall thickness, 
and arrhythmias. 

This book is an excellent atlas for radiologists, obstetricians, 
sonographers, and residents. It is a good reference for the ultrasound 
laboratory. | recommend it highly. 


Dolores H. Pretorius 
University of Colorado Health Sciences Center 
Denver, CO 80262 


Radiology of the Spine, Tumors. Edited by J. Jeanmart. New York: Springer-Verlag, 116 pp., 1986. $49.50 


This book, as the name indicates, is dedicated to tumors of the 
spine. Prepared by a distinguished group of contributors, both Euro- 
pean and North American, it is an exquisite collection of text and 
images. All the techniques of radiology have been used in diagnosis 
of tumors of the osseous structures of the vertebral column and also 
the spinal cord. These include radiography, myelography, angiogra- 
phy, both arterial and venous, CT, and finally MRI. The first section 
is given to technical consideration and the use of various techniques. 
Subsequently, the book is divided into the primary tumors of the 
osseous spine and then the spinal cord. In spinal cord, benign as well 
as malignant tumors are considered. Metastatic disease of the bone 
and the cord is given a separate section. A chapter is also given to 


tumors of children. 

The book is extremely well written, and the radiographs and images 
are of excellent quality. Adequate attention is given to common as 
well as uncommon neoplasms. High-resolution CT and also the MR 
machines have been used. The material is presented in a short, 
comprehensible, and precise manner. | find the book to be extremely 
useful and, definitely in this day and age of expensive textbooks, the 
price to be most reasonable. 


S. M. Alavi 
9511 Carterwood Ct. 
Richmond, VA 23229 
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Case Report 





MRI in Stress Fracture 


Susan A. Stafford,’ Daniel |. Rosenthal,’ Mark C. Gebhardt,? Thomas J. Brady,’ and James A. Scott’ 


Stress fractures occur in normal or abnormal bones that 
have been subjected to repeated traumas, which in them- 
selves would not be sufficient to cause fracture. Stress frac- 
ture can be further categorized as fatigue or insufficiency 
fractures. Fatigue fracture occurs when normal bones are 
subjected to increased load, classically described in military 
recruits |1] and runners [2]. Insufficiency fractures result from 
loads applied to bone weakened by underlying disorders such 
as Osteoporosis, rheumatoid arthritis, osteomalacia, fibrous 
dysplasia, Paget’s disease, and radiation [3]. 

Stress fracture is increasingly common in this era of enthu- 
Siasm forphysical fitness. The initial radiographic appearance 
of stress fractures may be troublesome, since the new bone 
formation that is seen may be confused with osteogenic 
sarcoma, and patients with stress fractures are often in the 
appropriate age category for the development of primary 
osseous malignancies. Unfortunately, the histologic appear- 
ance may also be misleading at this stage, and thus accurate 
radiograpnic diagnosis is essential to insure appropriate treat- 
ment. Because of the importance of making a correct diag- 
nosis, multiple imaging techniques will often be employed. We 
present three cases in which MRI was performed in an effort 
to differentiate fatigue fracture from tumor. 


Case Reports 
Case 7 


A 10-year-old competitive runner complained of pain in the left 
knee aftera game of tackle football. He was initially thought to have 


a minor muscular injury, and was placed in a knee immobilizer. No 
radiographs were obtained. Pain persisted and reexamination 2 
weeks later revealed decreased range of motion of the left knee. The 
patient was referred to this hospital because of abnormal radiographs. 

Plain films of the distal left femur revealed a small focus of meta- 
physeal cortical resorption with minimal adjacent fluffy periosteal 
reaction and a fine linear area of circumferential periosteal new bone 
extending over a 10-cm length (Fig. 1A). Radionuclide bone scan 
showed increased activity in the distal femoral metaphysis, and 
tomograms demonstrated increased bone density but no fracture 
line. 

The possibility of fatigue fracture was entertained, but because of 
continuing clinical concern over potential malignancy, angiography 
was performed. This suggested a 2 x 1 cm soft-tissue mass along 
the posterior surface of the femur (Fig. 1B). 

To further investigate the possibility of a soft-tissue mass, MRI 
was performed using a 0.6-T superconducting Technicare system. 
Multiplanar spin-echo images of the femurs were obtained in trans- 
verse and sagittal planes using a body coil. On T1-weighted images 
(SE 500/30), there was decreased signal (suggesting lengthened T1) 
involving the bone marrow of the distal metaphysis and diaphysis of 
the femur, but sparing the epiphyseal center (Fig. 1C). An oblique line 
of even lower signal intensity was demonstrated in the cortex adja- 
cent to the area of marrow abnormality, suggesting a fracture. This 
corresponded in location and orientation to bone sclerosis seen on 
coronal tomograms. T2-weighted images (SE 2000/1 20) show slightly 
increased marrow signal intensity when compared with the unaffected 
side, suggesting lengthened T2 (Fig. 1D). No soft-tissue mass was 
demonstrated by MRI. At subsequent open biopsy, adequate tissue 
was obtained to confirm the impression of stress fracture with his- 
tologic demonstration of fracture callus, marrow fibrosis, hemorrhage, 
and endosteal and periosteal woven bone. 
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Fig. 1.—Case 1. Lateral view of distal left femur 
(A) shows fine linear periosteal new bone adjacent to 
anterior femoral cortex (straight arrows). Late arterial 
phase from an angiogram of same area (B) demon- 
strates enhancing soft tissue (curved arrow) adjacent 
to posterior metaphyseal cortex that is suspicious for 
malignancy. Coronal T1-weighted image (SE 500/30) 
(C) and transverse T2-weighted image (SE 2000/120) 
(D). On T1-weighted image (C), there is excellent 
demonstration of extent of marrow abnormality, and 
a fracture line (white arrows) is faintly visible. Area of 
irregular low signal intensity (black arrow) in meta- 
physis of normal side represents volume averaging of 
adjacent posterior femoral cortex in these 1.5-cm- 
thick slices. On T2-weighted image (D), there is only 
slight increased marrow signal intensity on affected 
side (large arrow) as compared with normal. Area of 
increased signal in soft tissues surrounding femur, 
possibly representing edema (small arrows). 


Case 2 


An 8-year-old boy fractured the left proximal tibia and fibula in a 
motor vehicle accident, and was treated by closed reduction and cast 
immobilization for 4 months. Three months after cast removal, he 
complained of pain in the right calf. Physical examination revealed a 
warm and mildly tender mass over the right proximal tibia. Plain films 
demonstrated fine linear periosteal reaction in the right proximal tibial 
metaphysis with no underlying cortical abnormality (Fig. 2A). 

Spin-echo MRI images with relative T1 weighting (SE 500/30) 
demonstrated decreased bone-marrow signal intensity in the right 
proximal tibia in the area where periosteal new bone was seen on 
plain films (Fig. 2B). In transverse T2-weighted images (SE 2000/60), 
bone marrow had minimally increased signal intensity when compared 
with the opposite leg. There was extensive involvement of the 
metaphysis and proximal diaphysis with sparing of the epiphysis. In 
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addition, a crescentic area with prolonged T1 and T2 characteristics 
was demonstrated in the soft tissues surrounding the tibia. This is 
most satisfactorily explained as edema (Fig. 2C). The diagnosis of 
stress fracture was confirmed on delayed plain films obtained 6 weeks 
after presentation, which demonstrated healing with resolution of the 
periosteal response. 


Case 3 


An 18-year-old student took an after-school construction job that 
required him to break up stone by repeatedly striking it with a mallet. 
Soon thereafter he complained of pain in the right forearm. Physical 
examination was unrevealing, but a radiograph showed an isolated 
linear periosteal reaction of the ulnar diaphysis (Fig. 3A). There was 
extensive uptake of radionuclide in this area on a bone scan (Fig. 
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Fig. 2.—Case 2. A, Thin layer of per- 
iosteal reaction along medial border of 
right proximal tibial metaphysis (arrow) 
with no discernible underlying bone ab- 
normality. B, Coronal MR image (SE 500/ 
30) demonstrates extensive low-signal- 
intensity bone marrow (white arrows) in 
right proximal tibial metaphysis corre- 
sponding to region of plain film abnermal- 
ity (A). Healed left tibial fracture (black 
arrow) is also demonstrated. C, Trans- 
verse images in this case, done with T1 
weighting (SE 500/30), again show low 
intensity in marrow (/ong arrow). Bright 
signal is not present in surrounding soft 
tissues on this pulse sequence. Instead, 
there is very faintly decreased signal 
around tibia (short arrows). 


2B). MRI performed at another institution demonstrated an interrup- 
tion of the ulnar cortex and a crescentic area of inhomogeneous low 
signal intensity on the T2-weighted images (SE 2000/40, SE 2000/ 
80) (Fig. 3C). The appearance of the MRI was initially interpreted as 
representing malignancy breaking through the cortex, and this opinion 
was supported by the extensive area of abnormal increased activity 
on the bone scan. The patient was referred to this hospital for 
treatment. Diagnostic uncertainty resulted in an open biopsy that 
showed cortical widened osteones, active remodeling, and periosteal 
woven bone without evidence of malignancy or infection consistent 
with stress fracture. 


Discussion 


Cases 1 and 3 represent fatigue fractures; case 2 is also a 
fatigue fracture secondary to an overuse phenomenon during 
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a 4-month period of ambulation with a cast on the opposite 
leg. The diagnostic triad of localized periosteal reaction, en- 
dosteal thickening, and radiolucent cortical line [4] was not 
present on the first radiographs, and consequently the diag- 
nosis of primary bone malignancy was entertained. 

In these three cases, extent of the marrow and cortical 
abnormalities demonstrated by MR was marked. Because of 
low-proton density and extremely short T2 relaxation times, 
cortical bone produces a weak MR signal, and is poorly 
imaged by MR. However, strong contrast with adjacent mar- 
row and soft tissues usually makes cortical bone readily and 
plainly demonstrable. Despite this contrast with adjacent soft 
tissues, the ability of MRI to detect the fractures in two of the 
three cases was unexpected. 

Changes within the bone marrow were more extensive than 
anticipated. The decreased marrow signal on 1T1-weighted 
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MR images and increased signal on T2-weighted images is 
relatively nonspecific as similar changes may be seen in 
malignancy, osteonecrosis, and other disorders. Abnormali- 
ties seen in the tissues surrounding the bone probably rep- 
resent edema. Hematoma is less likely, as extracranial he- 
matoma generally has increased signal on both T1- and T2- 
weighted images [5]. 

As MR is not used for screening, its sensitivity for the 
diagnosis of stress fracture is unlikely to be determined. 
However, like the radionuclide bone scan, MR is highly sen- 
sitive to the pathophysiologic changes accompanying stress 
fracture. In attempting to use MRI to differentiate between 
stress fracture and primary osseous malignancy, it is impor- 
tant to realize that bone marrow abnormalities demonstrated 
by MRI may extend well beyond the area of cortical failure in 
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Fig. 3.—Case 3. A, Anteroposterior 
view of proximal right forearm shows fine 
linear periosteal reaction (arrow) along 
ulnar diaphysis. B, 99m-technetium MDP 
(methylene diphosphonate) bone scan 
view of forearms shows an extensive area 
of marked increased activity in middle 
right ulna (arrow) corresponding to region 
of periosteal reaction on plain film. C, 
Transverse SE 2000/40 images of middle 
right ulna demonstrate interruption of cor- 
tex (arrows) with surrounding crescentic 
region of mixed, but predominantly in- 
creased, signal intensity. This may rep- 
resent edema at site of fracture. 





cases of simple stress fracture. This finding should not be 
intepreted as suggesting malignancy. 
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The Shoulder Impingement 
Syndrome: Prevalence of 
Radiographic Findings and Correlation 
with Response to Therapy 





The shoulder impingement syndrome is believed to be caused by compression of the 
rotator cuff tendons and subacromial bursa between the humeral head and structures 
that make up the coracoacromial arch. Plain film findings were tabulated for 36 patients, 
22-81 years old, who had signs and symptoms of an acute impingement syndrome. The 
most common radiographic abnormalities were subacromial bony proliferation in 68%, 
degenerative changes in the greater tuberosity of the humerus in 66%, and degenerative 
joint disease in the acromioclavicular joint in 66%. There was evidence of calcium 
deposition in the rotator cuff in 37%, inferiorly oriented acromioclavicular osteophytes 
in 32%, and degenerative changes of the lesser humeral tuberosity in 29%. The 
acromiohumeral space was narrowed in only 21%. The radiographic findings were 
scored blindly and compared to the treatment outcome of 6 weeks of medical therapy. 
There was no statistically significant correlation between any of the radiographic findings 
and the response to medical therapy. The results suggest that radiographic findings are 
extremely common in patients with the acute impingement syndrome, but that they are 
not useful as prognostic indicators of the short-term response to medical treatment. 


Impingement of inflamed rotator cuff tendons and the overlying subacromial 
bursa between the anterior coracoacromial arch and the humeral tuberosities is an 
important cause of shoulder pain and disability [1-5]. Pathologically, this ailment is 
associated with subacromial bursitis as well as rotator cuff (largely supraspinatus) 
and bicipital tendon inflammation, with or without frank degenerative changes in 
the tendons [4-7]. Many patients with the shoulder impingement syndrome go on 
to develop chronic pain with, in some cases, tears in the rotator cuff [4, 5, 7]. 
Patients with this disorder complain of pain in the shoulder that is most severe 
when the arm is actively abducted in an arc between 40° and 120° [4]. The 
diagnosis of shoulder impingement syndrome is made on a clinical basis; however, 
radiographic findings associated with this problem include the presence of suba- 
cromial bony proliferation (subacromial spur), degenerative changes in both the 
humeral tuberosities and the acromiociavicular joint, and narrowing of the acrom- 
iohumeral distance [3]. The purpose of this study was to determine the prevalence 
of these and other plain film findings in patients with the acute impingement 
syndrome and to correlate the radiographic findings with the short-term response 
to medical therapy. 


Subjects and Methods 


A total of 40 patients were enrolled in a prospective, double-blind study designed to 
compare the efficacy of nonsteroidal, antiinflammatory therapy with indomethacin vs local 
injection(s) of a long-acting corticosteroid preparation, triamcinalone acetonide. The patients 
were 22 to 89 years old, with an average age of 56 years. Twenty-one (58%) of the 40 
patients were women. All patients were seen in either the Acute Care Clinic or the General 
Medicine Clinic at the University of California, Davis, Medical Center. To enter the study, each 
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patient had to meet strict criteria for the acute impingement syn- 
drome. These Included (1) pain during abduction in an arc between 
40° and 120°; (2) symptoms of less than 12 weeks duration; (3) no 
evidence for a systemic form of arthritis or other shoulder disorder, 
including acute calcific tendinitis, Isolated bicipital tendinitis, sympto- 
matic osteoarthritis of the acromioclavicular joint, frozen shoulder, or 
a rotator cuff tear; and (4) improvement in range of motion with 
reduction of pain 10 min after local injection of 3-5 mi of 1% lidocaine 
Into the region of the subacromial bursa. 

After giving Informed consent, all patients were randomly assigned 
to receive either (1) placebo Injection of 1 ml of saline into the 
subacromial region plus 100 unlabeled 25-mg indomethacin capsules 
with instructions to take one capsule four times a day or (2) suba- 
cromial Injection of 1 ml of 40 mg/m! triamcinalone acetonide plus 
100 placebo capsules (identical In appearance to Indomethacin) with 
instructions to take one capsule four times a day. The subacromial 
Injections were administered in an outpatient setting by an experi- 
enced rheumatologist. Patients were seen In folow-up 3 weeks later 
and given a reinjection and a refill of the medication if significant 
symptoms (moderate pain or moderate motion deficit) persisted. Final 
follow-up evaluation was made at the end of 6 weeks. Response to 
treatment was assessed for the 30 patients who had completed the 
6-week course of therapy, and they were classified as responders or 
nonresponders, depending on the change each showed in the severity 
of pain and in the degree of motion deficit. 

A comparison of the prevalence and severity of the radiographic 
findings in responders and nonresponders was subsequently per- 
formed. Radiographic evaluation of the affected shoulder consisted 
of standard internal and external rotation views. Supplementary axd- 
lary or transthoracic lateral views were obtained for 10 of the 30 
shoulders evaluated and a normal shoulder arthrogram for one case. 
All radiographs were evaluated for the presence of subacromlal bony 
proliferation and for degenerative changes In the humeral tuberosities, 
the acromioclavicular joint, and the glenchumeral joint. Special note 
was made of inferiorly oriented osteophytes at the acromiociavicular 
joint and of periarticular soft-tissue calcification in the region of the 
shoulder. The glenchumeral joint space and the acromiohumeral 
distance were measured in a standard fashion in each patient. 

To survey the prevalence and severity of changes on conventional 
radiographs in a population of patients with acute Impingement 
syndrome, 37 shoulder radiographs from 35 patients in the clinical 
study were evaluated. In two patients, both shoulders were evalu- 
ated. One additional patient with a classic impingement syndrome 
was seen by two of the authors, and this patient was included in the 
survey. 

Certain radiographic findings (subacromlal and acromioclavicular 
joint spurring, degenerative changes in the greater and lesser tuber- 
osities and acromiociavicular joint) were scored from 0 to 3, on the 
basis of their severity. A normal appearance was scored as 0, minimal 
changes as 1, moderate changes as 2, and severe changes as 3. 
The gienochumeral joint space, the acromlohumeral distance, and the 
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presence of soft-tissue calcification were scored as 0 or 1, depending 
on whether the radiographic finding was normal or abnormal. A total 
radiographic Impingement score was calculated by summing the 


to medical therapy vs patients who did not respond was made by 
using the two-tailed Student’s t-test. Corretation between age and 


the total radiographic impingement score was made by using Pear- 
son’s correlation coefficient [8]. Unless otherwise indicated, al statis- 
tical results are given + the standard deviation. 


Results 


The frequency and severity of the radlographic findings 
in the 36 patients with shoulder impingement syndrome are 
listed in Table 1. The right shoulder was most commonly 
affected (63%). Twenty-six shoulder radiographs (68%) 
showed subacromial bony spurs (Fig. 1). This was the most 
common abnormality noted. The frequency of degenerative 
changes in the greater tuberosity (Fig. 2) was equally high 
(66%), whereas degenerative changes at the lesser tuberosity 
were found in only 11 shoulders (29%). The most common 
finding in the acromioclavicular joint was degenerative joint 
disease (66%); about one-half (82%) of these patients had 
inferiorly oriented acromiociavicular osteophytes (Fig. 3). We 
tabulated the latter findings separately from simple degener- 
ative changes of the acromioclavicular joint because inferior 
acromiociavicular spurring may be one of the major causes 
of the Impingement syndrome [9]. Although patients with 
radiographic findings of dense, sharply defined, homogeneous 
calcification typical of advanced calcific tendinitis were ex- 
cluded from the study, nearly one-fourth (24%) of the patients 
had evidence of small linear calcific densities in the region of 
the supraspinatus tendon. Similar tiny collections were also 
seen in the region of the infraspinatus and biceps tendon in 
five patients (14%). Overall, the prevalence of soft-tissue 
calcification In the shoulder region was 37%. Narrowing of 
the acromichumeral distance (<7 mm) was present in eight 
(21%) of the shoulders, with an average distance of 8.7 mm 
for the group. No patient had an acromiohumera! distance of 
lass than 5 mm. Mild or moderate glenohumeral joint osteo- 
phyte formation was seen in only four (11%) of the shoulders 
evaluated. The average glenchumeral joint space distance 
was 4.8 mm. 


Table 2 shows the frequency of multiple radiographic ab- 
normalities in these patients. Seventy-four percent of the 


TABLE 1: Radiographic Findings in Acute Shoulder Impingement Syndrome” 








Spurring Degenerative Changes 
Finding Inferior Greater Lesser AC Calcification 
Subacromlal ac Joint Tuberosity Tuberosity Joint 

Normal 12 (32) 26 (68) 13 (34) 27(71) 13(34) 24 (63) 
Abnormal 26 (68) 12 (32) 25 (66) 11(29)  25(66) 14 (37? 

Mild 16 8 8 13 

Moderate 5 4 2 11 

severe 5 0 1 1 

“N= 38. AC = acromioctavicular. 


Numbers in parentheses are percentages. 
R in 9 (24%), infraspinatus In 4 (10%), biceps in 1 (3%). 
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Fig. 1.—Anteroposterior radiograph of the right shoulder of a 66-year-old 
man shows a large subacromial spur (arrow) and subtle calcification (arrow- 
head) of the supraspinatus tendon. Spur formation was rated as severe (scored 
as 3), and degenerative changes of mild flattening and sclerosis of the greater 
tuberosity as minimal (scored as 1). 





Fig. 2.—Anteroposterior radiograph of the right shoulder of a 73-year-old 
woman shows degenerative cystic changes (black arrow) (sclerosis and flat- 
tening in the greater tuberosity) judged to be severe (scored as 3). Moderate 
subacromia! spurring (white arrow) was scored as 2. 


patients had between two and five abnormalities. Two pa- 
tients (5%) had normal shoulder radiographs, and one patient 
had some degree of abnormality in all seven regions of the 
shoulder that were evaluated. 
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Fig. 3.—Moderate sized inferiorly oriented acromiociavicular osteophyte 
(black arrowhead) on this right shoulder radiograph of a 52-year-old woman. 
Acromioclavicular spur formation was scored as 2. Note moderate degenerative 
joint disease of the acromiocliavicular joint (scored as 2) and mild degenerative 
changes (scored as 1) consisting of flattening and sclerosis of the greater 
tuberosity (white arrowhead). Minimal subacromial proliferation (scored as 1) 
with irregularity of the inferior acromial surface (white arrow). 


TABLE 2: Frequency of Multiple Radiographic Abnormalities in 
the Acute Shoulder Impingement Syndrome* 





Number of Number of 
Abnormal Patients 
Areas (%) 
0 2 (5) 

1 5 (13) 

2 8 (21) 

3 7 (18) 

4 5 (13) 

5 8 (21) 

6 z 6) 

7 1 (3) 





ē N = 38. Plain radiographs were evaluated for subacromial and acromioclavicular joint 
spurring, degenerative changes in the greater and lesser tuberosities and acromiociavicular 
joint, tendon calcification, and acromiohumeral narrowing. 


We compared the radiographic findings to the short-term 
response to medical therapy consisting of either indomethacin 
or local injection of a long-acting corticosteroid. Changes in 
the clinical parameters measured were similar in each group 
and suggested that there is no difference in the short-term 
efficacy of these two methods of treatment. Nineteen of the 
30 patients who completed the 6-week course of therapy had 
a favorable clinical outcome as judged by the global assess- 
ment scale and were classified as responders. The mean 
scores of the major radiographic findings in the 30 patients 
treated for the acute impingement syndrome are tabulated 
against the response to clinical therapy in Table 3. There was 
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TABLE 3: Comparison of Mean Radiographic Scores to Clinical Response in the Acute Shoulder 


impingement 


[Siti sie lst 


Finding 


Subacromial spurring 


Degenerative age greater tuberosity 
Infertor acromiociavicular joint spurring 


reached 


Mean Radiographic Score (+SD) 


Responders 
(N = 19) 
1.1 +410 
0.75+0.9 
0.4 +0.7 


(N = 11) 


12+ 1.1 
1.1 + 0.8 
0.4 + 0.7 


ba EEE a e i AE G E ATO a Net 
Note.—See text for definition of responders and nonresponders. None of the differences between respondera and nonresponders 
statistical significance. 


no correlation between any of the radiographic scores and 
the treatment outcomes. The radiographic scores of patients 
who gave a history of more than one episode of acute 
shoulder pain were not significantly higher than the scores of 
patients who were known to have their first episode of 
shoulder pain at the time they entered this study. There was 
a modest correlation between patient age and the total radi- 
ographic impingement score. Pearson’s correlation coefficient 
(r) was 0.55 (p = 0.01). 


Discussion 

The shoulder impingement syndrome is an important cause 
of shoulder pain. Patients with a history of chronic occupa- 
tional or sports-related shoulder stress are at increased risk 
for developing this disorder [5, 10]. Affected patients often 
complain of pain localized to the region of the Insertion of the 
deltoid muscle. Most patients complain that the pain is more 
severe at night. On physical examination point tenderness is 
frequently noted at the insertion of the supraspinatus tendon 
over the greater humeral tuberosity. A positive “impingement 
sign” may be elicited by passively lifting the arm and noting 
pain somewhere in the arc between 40° and 120° of abduc- 
tion [5]. The cause of the pain is thought to be impingement 
of an inflamed and often degenerating rotator cuff tendon 
between the humeral tuberosities and the coracoacromlal 
arch (formed by the undersurface of the acromion and the 
coracoacromial ligament) [4, 7]. Degenerative spurring on the 
undersurface of the acromion and the inferior aspect of the 
acromiociavicular joint may cause bony encroachment on the 
rotator cuff and play a maior role in the pathogenesis of the 
impingement syndrome [2]. It is not clear, however, whether 
episodes of impingement lead to the development of degen- 
erative spurring or vice versa. 

Although the diagnosis of shoulder impingement syndrome 
is made on a clinical basis, the presence of subacromial bony 
spurs on routine shoulder radiographs has been taken as 
presumptive evidence [3]. Degenerative changes (cystic 
changes In the cortex, sclerosis, flattening, and bony prolif- 
eration) in the greater tuberosity, and less frequently in the 
lesser tuberosity, also have been described in this syndrome 
[2, 11]. Narrowing of the acromichumeral distance has been 
described in patients with impingement. This finding corre- 
lates with more advanced degenerative changes in the rotator 
cuff tendons [2]. Surgeons who operate on patients with 
chronic shoulder impingement frequently note subacromial 


TABLE 4: Comparison of the Present Study on Acute Shoulder 
impingement Syndrome to the Study of Cone et al. [3] 





Sertes et al. 

Number 38 103 

Mean age (years) 54 52 

Spurring (%) 

68 26 

Infertor AC joint 32 NA 
Degenerative changes (%) 

Greater tuberosity 66 35 

Lasser tuberosity 29 17 

AC Joint 66 27 

Calcium deposits (%) 37 15 


spurring, thickening of the coracoacromial ligament, and de- 
generative changes in the acromioctavicular joint [5, 7]. 
Cone et al. [3] evaluated the shoulder radiographs of 103 
consecutive men who were being evaluated for shoulder pain. 
The radiographic features that they noted are shown in Table 
4 together with the results of our study. Overall, only 26% of 
their patients had subacromial spurs. Although Cone et al. 
suggested that the radiographic finding of subacromial spur- 
ring Is presumptive evidence of shoulder impingement, they 
did not correlate the radiographic findings with the clinical 
diagnosis, and possibly some of their patients did not have 
the impingement syndrome. In our study the frequency of 
subacromial spurring in the men and women who were eval- 
uated, al of whom had well-defined impingement syndrome, 
was much higher (68%). As shown in Table 4 we noted a 
much higher prevalence of degenerative changes in both 
humeral tuberosities as well as a higher frequency of degen- 
erative changes in the acromiociavicular joint. The likely ex- 
planation for the increased prevalence of each of these find- 
ings is differences in the way in which the patients were 
selected. 
Approximately 5% of our patients had normal standard 
shoulder radiographs and nearly 40% of the patients had 
two or fewer areas of radiographic abnormality. Also, when 
abnormafities were present, their severity was graded as mild 
65% of the time. Thus, although radiographic abnormalities 
were noted in most patients with the Impingement syndrome, 
often the findings were fsolated and subtle. Our results indi- 
cate that normal or nearly normal standard shoulder radi- 


ographs do not rule out the diagnosis of an impingement 
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syndrome in a patient who has shoulder pain. In addition to a 
subacromial spur, degenerative changes in the greater tuber- 
osity and in the acromioclavicular joint, although not specific, 
should be looked for carefully because they are present in a 
large percentage of patients with the acute impingement 
syndrome. The presence of mild degenerative changes in the 
greater humeral tuberosity, in particular, may be difficult to 
establish because there is a wide normal variability in the 
amount of irregularity present in this region. Sclerosis and 
cyst formation, if present, are helpful indications that the 
observed changes are not simply due to normal variation. 

Our study was undertaken to determine the prevalence 
and severity of abnormalities that could be determined from 
standard shoulder radiographs because this is the type of 
radiographic evaluation most frequently obtained in the initial 
screening of patients who have shoulder pain. However, 
supplementary imaging procedures, including shoulder ar- 
thrography and subacromial bursography and bursotomog- 
raphy, may also help document and evaluate shoulder im- 
pingement. Similarly, visualization of subacromial bony prolif- 
erative changes may be improved when a special effort is 
made to profile the undersurface of the acromion by centering 
over the anterior acromion with the tube angled 30° caudally 
when using either fluoroscopic evaluation or conventional 
radiography. Alternatively, having the patient lean forward 
during fluoroscopic observation will accomplish the same 
objective. 

Although the overall radiographic impingement score did 
not correlate with a prior history of solitary or repeated 
isolated episodes of shoulder pain, it did correlate to some 
degree with patient age. The correlation coefficient of 0.55 
indicates that approximately 30% of the variation observed in 
the total radiographic score is explained by its relationship to 
advancing age. This relationship is probably important be- 
cause it suggests that the components of this score (sub- 
acromial spurring, inferior acromioclavicular joint spurring, and 
degenerative changes in the greater tuberosity) develop in 
some individuals as part of the normal aging process. Degen- 
erative bony changes in general correlate with advancing age 
and with progressive changes in cartilage and subchondral 
support mechanisms that result in an increased vulnerability 
to mechanical stress. 

The shoulder impingement syndrome begins as a derange- 
ment in the-normal relationships of the subacromial soft-tissue 
structures. Secondary bony changes are a consequence of 
prolonged disease [5]. Patients with less advanced prolifera- 
tive and degenerative bony changes might be expected to 
respond more readily to medical therapy with its aim of 
decreasing swelling and inflammatory changes in the suba- 
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cromial soft tissues than those patients with well-demarcated 
bony constriction. Our study, however, indicates that the 
frequency and severity of the radiographic abnormalities as- 
sociated with impingement syndrome did not correlate at all 
with the short-term response to medical therapy. The reasons 
for this are unclear. Whether the radiographic changes are 
associated with an adverse long-term prognosis is not known. 
In summary, the most common radiographic abnormalities 
associated with the shoulder impingement syndrome— 
subacromial spurring, degenerative changes in the greater 
humeral tuberosity, and degenerative changes in the acromio- 
clavicular joint—are each present in approximately two-thirds 
of patients who, clinically, have an acute impingement syn- 
drome. Calcification in the rotator cuff tendons, inferiorly 
oriented acromiociavicular osteophytes, and degenerative 
changes in the lesser tuberosity each occur in about one-third 
of the patients with this disorder. Radiographic findings are 
often mild and there may be only nonspecific findings in 
patients who have significant shoulder symptoms. There ap- 
pears to be no correlation between the overall severity of 
radiographic findings and the short-term response to medical 
therapy. Further studies are necessary to determine if radi- 
ographic findings correlate with long-term prognosis. 
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Computed Tomography Of Trauma. By Martin Heller, Hans-Holger Jend, and Harry K. Genant. New York: George 


Thieme Verlag, 123 pp., 1986. $45 


This book is an English translation of a work first published in 
Germany in 1984. It is essentially a “hands on” manual for the 
application of CT in dealing with the trauma patient. The chapters are 
well written, brief, and to the point. There are individual chapters on 
technical requirements and radiation protection, trauma-induced oc- 
cupying lesions, craniocerebral injuries, neck injuries, spinal injuries, 
thoracic injuries, abdominal injuries, retroperitoneal injuries, pelvic 
injuries, limb injuries, and iatrogenic injuries. | was particularly im- 
pressed by this final chapter since we often do not consider iatrogenic 
Causes of trauma. Each chapter contains a list of references that 
reflect the original publication date of 1984. 

The book is profusely illustrated and most of the illustrations are 
of good technical quality. | am somewhat concerned, however, that 
many of the images, though adequate, do not reflect state-of-the-art 
equipment. This is particularly true in the chapter on the brain. In 
addition, many of the images are quite grainy. Furthermore, many of 
the facial fractures appear to have been made at soft-tissue windows 
rather than bone windows. 

Because of the brevity of the book, the authors omitted information 
that this reviewer considers important in the evaluation of trauma. 
The authors failed to mention the use of plain-film analysis before CT 
examination. There are, however, many digital radiographs accom- 


panying the cross-sectional images that are helpful. 

Chapter six on thoracic injuries is unusually brief. The discussion 
of traumatic rupture of the thoracic aorta could have been expanded 
and illustrated to better advantage. Furthermore, the authors should 
have commented on the use of CT in evaluating the patient with a 
wide mediastinum in whom there is uncertainty about the need to 
perform aortography. 

Chapter 10 on limb injuries could also have been expanded. In 
fairness to the authors, however, it should be stated that much of 
the information that we now have regarding the use of CT for limb 
injuries has been generated within the last 3 years, after this book 
originally went to print. 

There are several minor labeling errors withim the illustrations, but 
they do not significantly detract from the book. This book is a concise 
outline of the use of CT for the evaluation of trauma and would be 
useful to the clinical radiologist who does not deal with a large volume 
of trauma and who would have the occasion to use this technique 
for evaluating his patients. 


Richard H. Daffner 
Allegheny General Hospital 
Pittsburgh, PA 15212 


Diagnostic Imaging in Ophthalmology. Edited by Carlos F. Gonzalez, Melvin H. Becker, and Joseph C. Flanagan. 


New York; Springer-Verlag, 336 pp., 1986. $129 


This excellent book first discusses the imaging techniques used in 
ophthalmology. The next series of articles covers the role of these 
imaging methods in the evaluation of ophthalmic disorders. Radio- 
therapy is covered last and is included because current imaging 
techniques are needed for treatment planning. The imaging tech- 
niques are presented according to technique and normal anatomy. 
They include plain films, polytomography, CT, sonography, contrast 
techniques, and MRI. Most of the articles describe how these imaging 
techniques apply to the following clinical conditions: (1) the evaluation 
of congenital abnormalities, exophthalmos, and thyroid ophthalmop- 
athy; (2) orbital tumors; (3) visual pathway lesions; (4) paraorbital 
disease; (5) basal and squamous-cell tumors and their effect on the 
orbit; and (6) orbital infections and orbital trauma. Writing styles are 
surprisingly consistent despite the large number of authors. The 


illustrations and diagrams are of high quality. 

The only criticism is related to several typographical errors and 
inconsistency in right and left labeling of axial and coronal CT scans. 
Most scans faced the reader. Some faced away from the reader. 
However, this did not interfere with recognition of the anatomy and 
disease. The examples used were good. 

This book is particularly valuable to general radiologists, neurora- 
diologists, radiology residents, and fellows. It provides a good com- 
prehensive review of the entire subject of radiologic imaging in 
ophthalmology. It will also be of great value for quick reference of the 
individual topics. 

Jack |. Eisenman 
King/Drew Medical Center 
Los Angeles, CA 90059 
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Digital Wrist Arthrography: 
Precision in Determining the Site of 
Radiocarpal-Midcarpal Communication 


B. J. Manaster'’ Wrist arthrography is used for precise determination of posttraumatic interosseous 
ligament tears. Digital subtraction arthrography adds to the precision in diagnosis of the 
site of radiocarpal-midcarpal communication. Using the technique for digital subtraction 
wrist arthrography outlined in this paper, the classic scapho-lunate and lunate-triquetral 
perforations were delineated. Scaphotrapezium and triquetral-hamate interosseous lig- 
ament perforations were also delineated. The added diagnostic precision of digital 
subtraction at the first injection was useful in planning the correct surgical procedure. 





Innovations in surgical correction of ligamentous wrist injury have led to a 
resurgence of interest in the wrist arthrogram as the major preoperative imaging 
tool [1, 2]. Although some midcarpal ligamentous perforations Fave no clinical 
importance, many are associated with Clinical pain and instability syndromes and 
can benefit from surgical intervention. 

Historically, wrist arthrography was primarily used to diagnose the presence or 
absence of communication between the radiocarpal and midcarpal compartments 
or between the radiocarpal and distal radioulnar joints [3]. Disruption in the 
triangular fibrocartilage complex, seen as contrast communication with the distal 
radioulnar joint, is readily diagnosed with standard static techniques. The specific 
location of disruption allowing radiocarpal-midcarpal compartment communication, 
however, must be made more specific. Such precise information may influence the 
choice of surgical procedure, help in planning the placement of the incision, eliminate 
the need for a second approach and incision (in clinically complex cases), and 
decrease the amount of time the patient is kept under general anesthesia. There 
are four possible sites of communication between the proximal and distal carpal 
rows: the scaphoid-trapezium, scapho-lunate, lunate-triquetrum, and triquetral- 
pisiform-hamate ligamentous complexes [1]. Since the locations of these ligaments 
range from the extreme radial to the extreme ulnar side of the wrist, precise 
information regarding the site of midcarpal communication should be given rather 
than simply diagnosing the presence of midcarpal communication. 

Several recent refinements in wrist arthrography have improved diagnostic 
precision. First, a careful diagnostic fluoroscopic examination (with videotaping) to 
detect wrist instability should be performed [4, 5]. If an instability pattern emerges 
from this examination, continuing with the wrist arthrogram may not be cost 
effective [6]. Second, continuous monitoring during the wrist arthrogram (videotap- 

IEE EE eT ee es ing or frequent spot filming during the injection) must be performed in order to 
vision April 19, 1986. determine which ligament is disrupted [7]. Even with this attentior, the specific 
‘Department of Radiology, University of Utah Sites of midcarpal communication often are not evident [8]. One large study [2] 
School of Medicine, 50 N. Medical Dr.. Salt Lake reported that in 11 of 33 radiocarpal-midcarpal communications, the precise site of 
a laa Address reprint requests to B. J. communication was not determined. One group suggested a midcarpal arthrogram 
with continuous fluoroscopic monitoring [9]. Although the results of this approach 
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complex (either if the midcarpal arthrogram were negative or 
if a complex ulnar injury were suspected, such as a lunate- 
triquetral plus triangular-fibrocartilage complex disruption). 

Resnick et al. [8] recently advocated the use of digital 
subtraction arthrography in order to diagnose more precisely 
the site of radiocarpal-midcarpal communication. Digital ar- 
thrography not only allows continuous monitoring, but can be 
reviewed frame by frame to determine the exact sequence of 
contrast opacification of the various wrist compartments. 
Superimposed osseous structures are digitally deleted, mak- 
ing the location of ligamentous defects easier to assess. Our 
first experience with this technique was so successful that 
digital wrist arthrography has become our standard preoper- 
ative study. We describe a modified digital arthrography tech- 
nique that minimizes artifact and maximizes diagnostic infor- 
mation. Using this technique, previously unrecognized pat- 
terns of radiocarpal-midcarpal compartment perforation were 
encountered. On the basis of our experience, the currently 
accepted statistical distribution of perforations may be inac- 
curate. 


Materials and Methods 


The digital subtraction wrist arthrogram was performed on 19 
patients. Each had posteroanterior, lateral, and oblique plain films, 
followed by a complete fluoroscopic examination for instability. The 
wrist was placed in a pronated, slightly flexed position. A 25-gauge 
1%4-in. (3.18-cm) needle entered the radio-scaphoid joint at a 45-60° 
angle to avoid the dorsal lip of the radius. Two milliliters of a contrast 
mixture (60% iothalamate meglumine in a 10:1 mixture with 1:1000 
concentrate epinephrine) was injected during digital subtraction film- 
ing. If contrast leakage is immediately seen through a perforation of 
the triangular-fibrocartilage complex, up to 3 or 4 ml of contrast 
material may be necessary to distend the joint and rule out a radi- 
ocarpal-midcarpal perforation. Our digital system allows 30 sec of 
filming. Although the system was capable of a higher rate, 1.8 frames/ 
sec were adequate for this study. Small (0.2-mm) focal spot and 6- 
in. (15.24-cm) magnification were used. After the digital examination 
was completed, the needle was removed and standard arthrogram 
films were obtained. If no perforation was demonstrated during the 
digital exam, postexercise films were also obtained. 

Several elements are necessary to achieve a successful and inter- 
pretable digital examination. (1) Needle and extension tubing must 
be placed over an area that is not of interest, and needle motion must 
be minimized by taping the extension tubing. (2) The entire amount 
of contrast medium must enter the joint within the 30 sec allowed by 
the digital system. Only a single injection can be made; because there 
is no contrast washout, a second digital injection may yield mixing 
artifacts or apparent nonopacification owing to contrast material left 
over from the first injection. (3) The wrist must remain motionless 
during the digital exam to avoid bone-edge artifacts that may simulate 
contrast material. (4) Pooling in recesses and especially about the 
scaphoid can obliterate potential pathways of communication; a 
careful frame-by-frame review is therefore necessary to determine 
accurately the timing and direction of flow of contrast medium into 
the midcarpal joint. Flow of contrast medium from the radiocarpal 
joint through one of the four ligamentous interosseous ligament 
complexes (scapho-trapezium, scapho-lunate, triquetral-lunate, or 
triquetral-pisiform-hamate) into the midcarpal row is radiographic 
evidence of a tear (Fig. 1). Once contrast medium enters the midcarpal 
row, it rapidly fills the remaining intercarpal spaces in a retrograde 
fashion. After that has occurred, it is difficult to determine which 
ligamentous complex has been disrupted. A frame-by-frame review 
of the direction of flow of contast medium immediately before mid- 
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carpal filling is therefore required for diagnosis. 

The study population consisted of 19 patients with nonarthritic 
wrists, all under the age of 35. These restrictions minimized the 
possibility of finding perforation secondary to a chronic synovitis or 
the normal degenerative perforations seen with aging. 


Results 


The results are shown in Table 1. Radiocarpal-midcarpal 
communication occurred in 11 cases, as compared with seven 
cases of triangular-fibrocartilage complex perforation. Radi- 
ocarpal-midcarpal communication was seen in each of the 
four possible sites of communication. 

All artifacts (caused by flow or motion) were recognized as 
such. All the diagnoses were made by digital arthrography 
and were not altered by the standard films. Although not 
encountered in this study, it is conceivable that a radiocarpal- 
midcarpal perforation may not be seen during the digital 
imaging but may be demonstrated on postexercise plain films. 
In such a situation, repeat digital study with a more forceful 
injection of contrast medium should be considered to dem- 
onstrate the site of communication. 

In 11 of 11 radiocarpal-midcarpal communications, the cor- 
rect site of perforation was easily seen by digital arthrography. 
In eight of these 11 radiocarpal-midcarpal communications, 
the site of perforation was not identified during fluoroscopy 
or from standard films because the midcarpal filling was so 
rapid. Therefore, in 73% of the radiocarpal-midcarpal com- 
munications, review of the digital arthrography was essential 
to the diagnosis. 

Clinical symptoms in general correlated with the arthro- 
graphic findings in that pain on the ulnar side of the wrist was 
associated with perforations of the triangular-fibrocartilage 
complex, lunate-triquetral ligament, or triquetral-hamate liga- 
ment, while pain on the radial side of the wrist was associated 
with scapho-lunate or scapho-trapezium perforations. Radi- 
ographic findings of scapho-lunate dissociation did not cor- 
relate with scapho-lunate perforation. 


Discussion 


A review of the literature shows that radiocarpal-midcarpal 
communications are as common as triangular-fibrocartilage 
complex perforations. A combination of the results of three 
studies [2, 6, 8] showed a total of 58 normal exams, 45 
radiocarpal-midcarpal communications, and 52 triangular- 
fibrocartilage complex perforations. This study, with 11 
radiocarpal-midcarpal communications and seven triangular- 
fibrocartilage complex perforations, supports those observa- 
tions. 

A significant difference exists, however, in the reported 
sites of radiocarpal-midcarpal communication between the 
standard and digital subtraction wrist arthrogram series. The 
results of this study indicate that, with radiocarpal-midcarpal 
communication, perforation may occur at any one of the four 
potential sites (scapho-trapezium, scapho-lunate, lunate-tri- 
quetral, triquetral-hamate) of interosseous ligaments and not 
only at the two classically described sites (scapho-lunate and 
lunate-triquetral). Among the standard wrist arthrogram se- 
ries, Levinsohn and Palmer [2] showed a scapho-lunate tear 
in 11 patients, a lunate-triquetral tear in 11 patients, and site 
undetermined in 11 patients. Braunstein et al. [6] found a 
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Fig. 1.—Digital subtraction: lunate-tri- 
quetral perforation. A, Preinjection. Posi- 
tioning is a reference for B, C, anc D of 
this figure. Needle is in radiocarpal joint 
at scaphoid level. B, Normal filling of ra- 
diocarpal compartment. Contrast material 
flows easily away from needle, but not 
necessarily in radiocarpal joint space (ar- 
rowheads) as is seen en face in this pos- 
teroanterior view. Rather, contrast mate- 
rial may initially flow in dorsal or ventral 
recesses of radiocarpal joint (arrows) and 
only later, with additional filling, may be 
seen in radiocarpal “joint space.” In each 
case, initial pattern of flow in the radi- 
ocarpal joint is somewhat different from 
the others, perhaps because of slight po- 
sitional differences of wrist. C, Next 
frame, less than 1 sec later, shows con- 
trast material entering lunate-triquetral 
perforation (arrows). D, Progressive filling 
of midcarpal compartment (arrows). 
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TABLE 1: Comparison of the Results of Digital Wrist 
Arthrography from this Study and Standard Wrist Arthrography 


from the Literature 





Abnormality 








Normal 
Triangular-fibrocartilage complex 
perforation 
Scapho-lunate perforation 
Scapho-lunate indentation 
Lunate-triquetral perforation 
Triquetral-hamate perforation 
Scapho-trapezium perforation 
Tears (site not determined) 
Combined injuries 
Triangular-fibrocartilage com- 
plex and triquetral-hamate 
perforation 
Triangular-fibrocartilage com- 
plex and lunate-triquetral per- 
foration 
Lunate-triquetral perforation 
and scapho-lunate indenta- 
tion 
Total number of patients 


Number of Patients? 


Present 
Study 


2 


oOo- fAMMYON 


r 
19 


[2] [6] [9] 
48 31 7 
28 18 0 
11 6 (47) 
0 0 o0 
11 5 (47) 
0 0 0 
0 0 0 
1 0 0 
0 0 0 
0 0 0 
0 0 0 
109 60 54 


a Numbers in brackets refer to numbered references in reference list. 
? Tears involved one or the other; mix not specified. 


0 
10 





scapho-lunate tear in six patients and a lunate-triquetra! tear 
in five. With midcarpal wrist arthrography, Tirman et al. [9] 
found that 47 of 54 patients showed communication through 
either the scapho-lunate or lunate-triquetral ligament (further 
data were not provided). The literature of standard arthrog- 
raphy, then, suggests that all radiocarpal-midcarpal commu- 
nications involve either the scapho-lunate or lunate-triquetral 
ligament, in roughly equal proportions. On the other hand, a 
digital study of 10 cadavers by Resnick et al. [8] showed only 
one lunate-triquetral perforation but two cases of midcarpal- 
pisiform-triquetral (i.e., triquetral-hamate) communication. The 
current study supports and extends these observations. Of 
11 cases of radiocarpal-midcarpal communication, only six 
involve the classic scapho-lunate or lunate-triquetral sites. 
Four communications involve the triquetral-hamate ligament 
(Fig. 2), supporting Resnick’s observation [8]. 

A single case of communication through the scapho-tra- 
pezium ligament, previously not described, was found (Fig. 
3). With digital arthrography, the distribution of tears appears 
to be different. In addition, combinations of injuries were 
observed. On the ulnar side, triangular-fibrocartilage complex 
and triquetral-namate perforations were observed in one pa- 
tient, while triangular-fibrocartilage complex and lunate-trique- 
tral perforations were seen in another. In a patient with a 
complex fracture-dislocation, the combination of a lunate- 
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Fig. 2.—Triquetral-hamate perforation. A, Very early in injection. Needle is 
placed in radioscaphoid joint (arrow); contrast material is seen only locally. For 
orientation and anatomy, refer to C of this figure, which is in the same position. 
B, Near end of injection, contrast material is seen in entire radiocarpal joint. 
Patient moved, cutting ulna and much of triquetrum from field. However, 





A B 


triquetral perforation and a scapho-lunate indentation was 
seen (a “nipple” of contrast medium extending 1 or 2 mm 
between the scaphoid and lunate but not spilling into the 
midcarpal joint, suggestive of attenuation or previous perfo- 
ration [10]). Thus, digital subtraction arthrography appears to 
have allowed identification of new sites of radiocarpal-mid- 
carpal communication. Because of the precision in diagnosis, 
inclusion of digital filming with the standard arthrogram is 
recommended. 
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contrast material can clearly be seen in triquetral-hamate joint (arrows) and is 
clearly absent from other potential sites of radiocarpal-midcarpal communica- 
tion. C, Spot film taken after removal of needle confirms midcarpal communi- 
cation, with contrast material still seen at site of perforation (arrow). 


Fig. 3.—Scapho-trapezium perforation. A, Early 
in injection, digital study shows contrast material 
tracking along radial side of scaphoid, and site of 
scapho-trapezium interosseous ligament perfora- 
tion (long arrow). Short arrows indicate normal ra- 
diocarpal filling. Needle is faintly seen and is in 
radiocarpal joint adjacent to scaphoid, as in Figs. 1 
and 2. B, Conventional arthrogram film confirms 
radiocarpal-midcarpal communication; a relatively 
large amount of contrast material is still seen at site 
of perforation (arrow). 
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Case Report 


Sonographic Diagnosis of Foreign Bodies of the Distal 


Extremities 


Bruno D. Fornage’ and François L. Schernberg? 


Sonography has recently gained wide acceptance in the 
evaluation of muscles, tendons, and superficial structures of 
the extremities [1]. We report a series of 10 patients referred 
with suspected foreign bodies of the hands (nine cases) and 
foot (one case) who were evaluated by sonography and low- 
kilovoltage radiography before surgery. 


Materials and Methods 


Sonography was performed by using high-resolution linear-array 
real-time scanners (Toshiba SAL-22A, SAL-30A, Aloka 210 DX) and 
5-MHz, and more recently 7.5-MHz, probes with focal distances of 
3.1 and 1.8 em, respectively. A commercially available stand-off gel 
material (Kitecko, 3M, Roseville, MN) was used to give the appropri- 
ate contact between the probe and the skin and to provide accurate 
visualization of the skin and the superficial soft tissues [2]. Gel blocks 
of various thicknesses were cut in the pad and were used according 
to the frequency and beam profile of the probe and the depth of the 
foreign body. 

A study of the lesions during mobilizing maneuvers was performed 
whenever the adjacent muscles and tendons might have been in- 
volved. In all cases of sonographically visualized foreign bodies, an 
accurate three-dimensional localization was easily obtained by using 
longitudinal and transverse scans. The orthogonal projection of the 
foreign body was marked on the skin, and its depth was measured 
accurately on the scan so that the surgeon could retrieve it through 
the shortest route and with the least damage to the surrounding 
structures. 

Radiographs were obtained by using mammographic equipment 
(Philips Mammo-Diagnost, Shelton, CT) and screen-film technique at 
about 30 kV with automatic exposure. They were performed routinely 
after sonographic examination. 
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Ten patients suspected of having a foreign body either in the hand 
(nine cases) or in the foot (one case) had both sonograms and 
radiographs. All subsequently underwent surgery. 


Results 


Eight foreign bodies were found at surgery; they were 
fragments of glass (four cases), metal (three cases), and 
vegetable material (one case). All foreign bodies were visual- 
ized as hyperechoic foci on sonograms (Fig. 1). No similar 
foci were seen in the absence of a foreign body. An acoustic 
shadow was present in two cases only (two glass fragments). 
A hyperechoic comet-tail artifact secondary to reverberations 
inside the dense echogenic foreign body was visualized in 
three cases (Figs. 2 and 3) [3, 4]. In seven cases a surrounding 
hypoechoic mass ranging from 1.2 to 3 cm in diameter 
correlated well with inflammatory changes found at surgery 
(Fig. 4). 

Seven of the eight foreign bodies were glass or metallic 
fragments and were radiopaque with sizes of 0.1 to 1 cm. In 
one case a vegetable fragment responsible for an epidermoid 
cyst could not be visualized on the radiograph but was 
demonstrated on the sonograms. 


Discussion 


On sonography the reflectivity of a foreign body depends 
on its acoustic impedance, which varies with density. Thus, 
Steel and glass are significantly more reflective than Plexiglas 
and wood [3]. Low-density nonopaque foreign bodies, how- 
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ever, may reflect ultrasound beams enough to be detectable 
sonographically [5]. Hyperechoic foci, particularly when they 
lack shadowing or a reverberating hyperecnoic comet-tail 
artifact, are better detected when they are in a homogeneous, 
slightly hypoechoic area such as subcutaneous fat, muscle, 
or inflammatory tissue. On radiographs metallic fragments are 
always Opaque. All glass fragments are radiopaque on radi- 
ographs, in comparison to plastic fragments, which are of a 
lower density [6]. Wood and vegetable fragments are usually 
nonopaque. 

In our series sonography showed sensitivity in the diagnosis 
of foreign bodies, but specificity needs further evaluation. 
Only the proximal surface of a foreign body is visualized on 
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Fig. 1.—Glass fragment in dorsal as- 
pect of hand. A, Sonogram shows a hy- 
poechoic inflammatory mass with dense 
echogenic focus (arrow). B, Lateral low- 
kilovoltage radioc raph shows opaque for- 
eign body (arrows. 


Fig. 2.—Metallic fragment in thenar 
area. A, Transverse sonogram shows 
bright reflection (arrow) associated with 
comet-tail arifact (open arrow). M = 
cross section o first metacarpal. B, Ra- 
diograph shows size and shape of radio- 
paque fragment more accurately (arrow). 


Fig. 3.—Gless fragment in dorsal as- 
pect of hand. A, Transverse sonogram 
shows a dense linear reflection (arrows) 
in a slightly hyf>echoic inflammatory area 
and subtle posterior echoes (curved ar- 
row). B, Lateral radiograph shows shape 
of radiopaq-e ragment more accurately. 


sonograms. The shape and the size of qpaque foreign bodies 
are better demonstrated on radiograpns. The sonographic 
differential diagnosis includes calcification and atypical sesa- 
moid bones. Calcification is infrequent n the soft tissues of 
the hand, whereas atypical sesamoid bones are well demon- 
strated on radiographs. However, scnography accurately 
shows the extent of the hypoechoic inflammatory changes 
secondary to the foreign body. 

The major advantage of sonography is accurate three- 
dimensional preoperative localization. in our experience the 
surgical excision of a foreign body under fluoroscopic guid- 
ance has proved inaccurate and cumbersome, with the addi- 
tional risk of significant irradiation. We currently use a preop- 
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Fig. 4.—Inflammatory reaction around 
foreign body simulating tenosynovitis. A, 
Longitudinal sonogram shows hypoech- 
oic swollen lumbrical muscle (arrow- 
heads) with bright 7-mm echogenic linear 
focus (arrow). B, Radiograph confirms 
presence of foreign body. 


erative sonographic three-dimensional localization. In one pa- 
tient for whom previous surgical excision was incomplete, 
preoperative localization was performed in the operating room 
by using a portable sonographic unit and resulted in a rapid 
successful removal. 

Evaluation of foreign bodies should begin with radiographs. 
If these are negative or inconclusive, sonography may be 
helpful in detecting nonopaque foreign bodies or foreign bod- 
ies in areas that are not easily evaluated by radiographic 
projections. Whenever a foreign body has been visualized, 
sonography allows its three-dimensional localization. 
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Functional Mapping of the Brain in Vascular Disorders. Edited by Wolf Dieter Heiss. Berlin, Heidelberg: Springer- 


Verlag, 126 pp., 1985. $19.50. 


This small, handsome book contains the contributions to the 
symposium “Functional Mapping of the Brain in Vascular Disorders” 
held at the Thirteenth World Congress of Neurology, September 1- 
6, 1985, in Hamburg, FRG. It provides concentrated, useful informa- 
tion on functional impairments of the brain occurring in vascular 
disorders as assessed by (a) Cerebral Blood Flow studies, (b) Positron 
Emission Tomography, (c) MRI, and (d) CT. The illustrations shown 
are appropriate and of good quality. The chapters included are (1) 
The Purpose of Functional Mapping in Focal Cerebral Ischemia, (2) 
Positron Emission Tomography Versus Nuclear Magnetic Resonance 
Imaging?, (3) Aims on Phosphorus-31 Magnetic Resonance Imaging, 
(4) In Vivo Nuclear Magnetic Resonance of Sodium-23 in the Human 
Head, (5) Uncoupling of Flow and Metabolism in Infarcted Tissue, (6) 


Remote Effects of Focal Lesions on Cerebral Flow and Metabolism, 
(7) Focal Flow Disturbance in Acute Strokes: Effects on Regional 
Metabolism and Tissue pH, and (8) Measurement of Cerebral Protein 
Synthesis and Intracellular pH in Man by Positron Emission Tomog- 
raphy. 

Physicians whose major interest is in neurosciences and neurora- 
diology will find this book of value, but general radiologists and 
residents in radiology are not likely to find it of much interest. 


Mohammad Sarwar 
University of Illinois College of Medicine at Chicago 
Chicago, IL 60680 
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Multiple Sclerosis: MRI and 
Clinical Correlation 





Fifty-three consecutive patients with suspected multiple sclerosis were studied to 
determine if the extent of disease apparent on MRI correlated with the clinical severity 
of the disease. MRI images were evaluated and compared with an assessment of the 
patient’s disability using three neurologic rating scales. The severity of the disease 
seen on MRI showed a strong statistically significant correlation (p = 0.0001) with two 
of the three methods of clinical evaluation and a significant correlation (p < 0.01) with 
the third rating scale. The severity of disease shown on MRI correlated only weakly (p 
= 0.05) with the length of time the patients had been symptomatic. Normal controls did 
not show any abnormality characteristic of multiple sclerosis on MRI or on neurologic 
exam. 


MRI has been recognized as a major advance in the diagnosis and evaluation of 
patients with multiple sclerosis (MS) [1-4]. Many more lesions are detected by MRI 
than by CT, and MRI has proved to be helpful in establishing the diagnosis of MS 
in cases where the clinical diagnosis is not definite [5-7]. Although MRI has made 
MS easier to diagnose at an early stage [7], the correlation between MRI results 
and the clinical course and disability has been questioned [8, 9]. 


Subjects and Methods 


Fifty-three patients with suspected MS were evaluated in the Department of Neurology at 
Indiana University using three different clinical scales. The patients were evaluated according 
to the McAlpine criteria as having either possible, probable, or definite MS [10]. The McAlpine 
criteria were converted to a numerical scale ranging from 1 (possible) to 3 (definite). Patients 
who did not qualify as having MS according to the McAlpine criteria were excluded from the 
study. The patients were also graded using the expanded disability status scale proposed by 
Kurtzke [11], which grades the patient's disability from 0 (normal) to 10 (death due to MS) at 
one-half step intervals. The Kurtzke scale is designed to grade the patient's functional 
disability. Cerebellar dysfunction, cranial nerve deficits, and difficulty ambulating are among 
the functions graded by the Kurtzke scale. Finally, the patients were assigned a score from 
0 (death) to 100 (normal) according to the neurologic rating scale of Sipe et al. [12]. The 
neurologic rating scale of Sipe is an additive scale based on the neurologic examination. 
Duration of the disease at the time of imaging varied from 1 month to 31 years. Twelve 
normal volunteers were also examined. 

MRI was performed on a resistive scanner operating at a field strength of 0.15 T using 
two spin-echo (SE) pulse sequences. A pulse repetition rate (TR) of 2000 msec was used 
with an echo delay time (TE) of 120 msec, producing a T2-weighted scan. A second sequence 
was performed with a TR of 500 msec and a TE of 30 msec, producing a T1-weighted scan. 
Multislice technique was used, allowing simultaneous acquisition of 15 images at a slice 
thickness of 1 cm, for a TR of 2000 msec. At a TR of 500 msec, 11 simultaneous images at 
a 1.5-cm slice thickness were acquired. All images were taken in the axial projection, with 
additional images in the sagittal projection taken when lesions were identified within the 
brainstem. ` 

All images were evaluated by three independent observers, who noted the number and 
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Fig. 1.—MRI grade 1 M3. Normal axial SE 120/ 
2000 image. 


Fig. 2.—MRI grade 2 MS. Single lesion with 
increased signal intensity (arrow) on axial SE 120/ 
2000 image. 





Fig. 3.—MRI grade 3 MS. A-C, 5 periventricular lesions of increased signal (arrows) on axial SE 120/2000 image. 


size of lesions on the SE 120/2000 images as well as the degree of 
atrophic change on the SE 30/500 images. Images were graded 
using a scale of 1-5. Normal images were graded 1 (Fig. 1). Images 
showing only one to three lesions were assigned a score of 2 (Fig. 
2). Images with four to eight lesions were graded 3 (Fig. 3). Images 
with nine to 13 lesions and only one or two confluent lesions were 
graded 4 (Fig. 4). Images with 14 or more lesions showing extensive 
confluence of lesions in the periventricular region, with atrophic 
changes, were given the grade of 5 (Fig. 5). 

The MRI grading scale was proposed by the senior author of this 
paper and explained to the other two authors using Figures 1-5. The 
scans were then evaluated independently by the three authors. When 
disagreement among the three observers occurred, the grade given 
by two of the three was used for statistical analysis. 

The severity of the involvement seen on MRI was then correlated 
statistically with the clinical severity of the disease, as well as with 
the length of time the patient had been symptomatic. The statistical 
analysis included calculation of the p and r values for each correlation. 


Results 


There was an excellent level of agreement among the three 
observers in the determination of the severity of disease with 


MRI; they disagreed on only eight of the 53 images, and in 
those eight cases the observation of one observer differed 
from the other two by only one grade. The results of the study 
are summarized in Table 1. Seventeen patients had normal 
MRI exams. The number of patients in the remaining four 
MRI grades, in order of increasing severity were eight, eight, 
nine, and 11. 

A strong statistically significant correlaton was found be- 
tween the severity of disease shown on NRI and the extent 
of disease diagnosed by all three methods of clinical evalua- 
tion. The Kurtzke and Sipe criteria showed very similar cor- 
relations with MRI. The correlation of disease found by MRI 
to the results of the Kurtzke scale had a p value of 0.0001 
and an r value of 0.558, while correlation -o the Sipe criteria 
had a p value of 0.0001 and an r value of 0.595. Correlation 
was not as strong with MRI and the McAlpine criteria, with a 
p value of <0.01 and an r value of 0.440. Only weak correla- 
tion existed between MRI and the duraticn of symptoms (p 
= 0.05, r = 0.271). No abnormalities were detected on MRI 
or on neurologic exam in the 12 normal controls. 
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Fig. 4—MRI grade 4 MS. A, Lesion in midbrain 
(arrow) on axial SE 120/2000 image in patient with 
nine other lesions. B, single confluent lesion in left 
periventricular region (arrow) on axial SE 120/2000 
image. 


Fig. 5.—MRI grade 5 MS. A and B, multiple 
confiuent high signal intensity lesions in the periven- 
tricular region on axial SE 120/2000 images. C and 
D, Advanced atrophy with marked widening of ven- 
tricles and sulci on axial SE 30/500 images. 





Discussion reasonable to assume that the manifestation of advanced 
disease on MRI should correlate with severe clinical disability, 
It is recognized that MRI is a sensitive technique for de- this relationship has not been previously established. In fact, 


tecting the characteristic plaques of MS. Although it seems reports have appeared indicating that MRI correlates poorly 
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TABLE 1: Comparison of MRI Findings to Neurologic 
Examination and Duration of Symptoms 
SS mF R E a aE a r o M 


Average Neurologic Score 
. for Patients in Each MRI A 
MRI Grade aor ee eat Gurion 
j Symptoms (years) 
McAlpine Sipe Kurtzke 
1 17 15 85 2.5 5.4 
2 8 e 79 2.9 rg 
3 8 2.0 81 3.4 9.6 
4 9 2.2 72 45 9.7 
5 11 2.6 59 5.6 12.4 


SSS a as ee es rs Se a Se 


with lesion localization [9], and may have no correlation with 
severity of disease [8]. In our study, a highly significant 
relationship was demonstrated between MRI and the severity 
of clinical disease. This may be due to the larger sample of 
patients in our study compared with previous reports. The 
use of the Kurtzke and Sipe criteria may have also contributed 
to the improved statistical correlation. The Kurtzke and Sipe 
criteria probably correlated more closely to the MRI than did 
the McAlpine criteria because the McAlpine criteria, using only 
three grades, is designed primarily to diagnose MS and is a 
relatively insensitive measure of neurologic dysfunction. 

Although statistically significant (o = 0.0001), the correla- 
tion was only moderate (r = 0.4-0.6) between the MRI results 
and the neurologic status of the patient. The lack of strong 
correlation can be explained by several limitations. Our study 
did not include the spinal cord, which is frequently the site of 
symptomatic lesions [9]. Another frequent site of sympto- 
matic abnormality in MS is the optic nerve. MRI has been 
disappointing because of its inability to detect demyelinating 
lesions of the optic nerve [9], and not one was seen in this 
series. Another limitation of MRI is its inability to distinguish 
acute demyelinating plaques from chronic lesions. Johnson 
et al. demonstrated that acute plaques appear much larger 
than subacute or chronic lesions of MS, and the same lesion 
may appear quite different as the disease progresses [13]. In 
addition, MRI may show many lesions in neurologically silent 
regions as well as many small lesions causing little neurologic 
deficit. The sensitivity of lesion detection is also limited by the 
quality of the images obtained on our resistive magnet sys- 
tem. These limitations may account for the lack of strong 
correlation between MRI and the clinical examination. 

Because of these limitations, MRI should be used cau- 
tiously as a prognostic indicator of clinical disease in the 
individual patient. Although MS has a waxing and waning 
course, there is a relentless tendency toward progressive 
involvement of cerebral tissue as the disease advances [14, 
15]. In spite of the limitations mentioned above, the significant 
correlation found in this study confirms the ability of MRI to 
monitor the progression of the disease. 

The finding of a strong statistically significant correlation 
between the severity of disease shown on MRI and accepted 
neurologic rating scales gives added validity of the use of 
MRI in the long-term evaluation of patients with MS. More 
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advanced disease is usually found at autopsy than suspected 
by the clinical examination of the MS patient [13-14]. There- 
fore, to effectively monitor the response to therapy, an objec- 
tive method of measuring the progress of individual lesions is 
necessary [16]. MRI may be an acceptable tool for monitoring 
the progress of the disease and the response to drug therapy. 
The ability to observe asymptomatic lesions and to objectively 
measure the extent of disease involvement may prove that 
MRI is of significant value in the evaluation of MS patients. 
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The Radiographic 
Characterization of Burst 
Fractures of the Spine 





A retrospective review of 75 burst fractures of the spine was performed to define the 
radiographic features found on high-resolution CT, polytomography, and plain radiog- 
raphy and thereby allow full characterization of this uncommon spinal injury. Character- 
istic components of the injury include: (1) centripetally oriented disruption of the vertebral 
body, (2) unilateral or bilateral laminar fractures that abut the spinous process, (3) 
marked anterior wedging, (4) vertically oriented vertebral fracture emanating from the 
basivertebral foramen, (5) increased interpediculate distance, and (6) significant spinal 
canal narrowing by characteristic retropulsed fragments. Nearly all bursts occurred from 
T9 to L5; double bursts were present in less than 10% of cases. The usually present 
neurologic deficit nearly always corresponded to the level of the burst rather than to the 
frequently found discontiguous associated spine fracture. Recent literature suggests 
that these complex fractures, which were initially thought to represent stable injuries, 
are often unstable. A subcategorization of burst fractures and their variants is proposed 
to explain this instability. An approach to the radiographic diagnosis of the spinal burst 
is proposed, and plain film clues to distinguish the burst fracture from the more common 
compression fracture are discussed. Representative cases are illustrated. 


The burst fracture is a specific form of compression fracture of the vertebral 
body wherein a fragment arising from the posterosuperior margin of the vertebral 
body is displaced into the spinal canal. The retropulsed fragment may result in 
neurologic injury to the spinal cord, conus medullaris, or cauda equina. There are 
specific clues to the presence of this injury on plain radiographs that warrant further 
evaluation by either polytomography or CT to determine the degree of spinal canal 
compromise, the presence of associated posterior element fractures, and the 
nature of the retropulsed fragment. Although initially described as “stable” injuries, 
recent literature suggests that these complex fractures often behave in an unstable 
manner [1-8]. 

We review a series of 75 burst fractures of the spine and define the radiographic 
features found on high-resolution CT or plain tomography that allow full character- 
ization of this lesion. Plain film clues to distinguish a burst fracture from the more 
common compression fracture are stressed. 


Materials and Methods 


Clinical records and radiographs of all patients admitted to Northwestern Memorial Hospital 
with spine trauma since June 1973 were reviewed retrospectively. 

Seventy-five fractures in 69 patients (55 men, 14 women; ages 15-64; mean age 28.7; 
median age 25) were classified as spinal burst fractures after detailed radiographic analysis. 
All patients had high-quality plain and/or CT for evaluation of the acute injury. Thirty-two 
patients sustained their injury from a fall, 23 were involved in auto accidents, six were in 
motorcycle accidents, and eight were injured in a variety of other situations. 
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CERVICAL = 4% 
THORACIC = 20% 
LUMBAR= 76% 
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Fig. 1.—Distribution of burst fracture 
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Results 
Distribution of Burst Fractures 


The anatomical distribution of burst fracture level Is shown 
in Figure 1. Sixty-nine of 75 burst fractures (92%) occurred 
from T9 to L5; 37 of 75 bursts (50%) were found at L1, the 
most common site. Six of 69 patients (8.7%) had burst 
fractures at two levels: T2-T3 (1), T10-L2 (1), T11-T12 (1), 
L1i-L4 (1), and L1-L2 (2). 


Typical Features of the Burst Fracture 


Sagittal Vertebral Body Fracture. Sixty-six of 75 burst 
fractures (88%) had a typical vertically oriented fracture com- 
ponent In the vertebral body, involving the inferior half of the 
vertebra and extending to the region of the basivertebral 
foramen. 

Posterior Element Involvement. In 11 of 75 bursts (14.7%), 
no posterior element fracture was Identified on tomographic 
or CT examination. Unilateral posterior element fractures were 
present in 29 cases (38.7%), while bilateral posterior element 
fractures were seen in 35 cases (46.6%). Four patients with 
no sagittal vertebral body component did have posterior 
element fractures. Seventy percent of laminar fractures were 
located adjacent to (with or without extension into) the spi- 
nous process. l 

interpediculate Distance. interpediculate distances (IPD) 
were measured in all cases at the level of the burst and 
compared with the IPD at the level above and below. Although 
normal IPD ranges have been established [9], there Is a 
variation of IPD in each patient, from level to level. In the three 
patients with neither vertical vertebral body fracture nor pos- 
terior element fracture, no focal increase In IPD exceeded 3 
mm at the burst level. Therefore, a focal increase of 4 mm 
was considered remarkable. Eighty-one percent had focal 
increase in IPD greater than or equal to 4 mm when compared 
with the level above or the level below, while 19% had no 
significant focal increase in IPD at the level of the burst. Sixty- 
three percent had an increase in IPD greater than or equal to 
4 mm compared with both the level above and below the 
burst. Twelve percent had an increased IPD compared only 
with the level below the burst, while §% had an increased IPD 
compared only with the level above the burst. 

Anterior Wedge Deformity. Anterior wedge deformity of the 





Grace % of Cases 
| 24.6 
tt §3.6 
Hl 21.7 
IV 0 





* Grade | = 0%-24% loss of height, Grade [I = 25% 49% loss of height, Grade IM = 
50%-~-74% loss of height, Grade IV = 75%-100% loss of height. 


TABLE 2: Degree of Spinal Canal Narrowing 





Range Average 
— (%) (%) 
Cervical 20-85 48.3 
Thoracic 30-90 59.3 
Lumbar 5-90 57.3 
All cases 5-90 57.3 








Distance No. of Porcar of 
from Burst Cases Total 
(+) 1 level 10 41.7 
2 levels 4 16.7 
3 levels 2 8.3 
>3 levels 8 33.3 





Involved vertebral body was quantitatively assessed in all 
patients, comparing vertebral body height with the vertebra 
above (Table 1). Grades I-IV were assigned with respect to 
degree of loss of height, so that Grade 1 = 0%-24% de- 
crease, Grade Il = 25%-—49% decrease, Grade Ill = 50%- 
74% decrease, and Grade IV = 75%-—100% decrease. Three 
patients (4.3%) had no measurable loss of height at the 


cases at the point of greatest narrowing, in the dimension of 
greatest narrowing (i.e., anteroposterior or lateral) (Table 2). 
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Fig. 2.—Patterns of the retropulsed 
fragment. CT analysis of retropulsed frag- 
ment from posterosuperior aspect of ver- 
tebral body in 15 cases revealed four 
basic patterns as shown. Note character- 
istic laminar fracture adjacent to junction 
with spinous process (arrow). 


NORMAL 


ASYMMETRIC SPLIT 
3/15 (20%) 
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SAGITTAL SPLIT 
3/15 (20%) 


SINGLE 
7/15 (46.7%) 





UNILATERAL SPLIT 
2/15 (13.3%) 





Fig. 3.—The utility of reformatting techniques in fragment characterization. 
Coronal (A and B) and sagittal (C) reformations from metrizamide CT scan 


Canal narrowing ranged from 5% to 90%, with average canal 
compromise measuring 57.3%. 


Associated Spinal Fractures 


Thirty of 69 patients (43.5%) had associated spine fractures 
at other levels. In these patients, two had isolated spinous 
process fractures (6.7%), four had isolated transverse proc- 
ess fractures (13.3%), and 24 had associated vertebral body/ 
posterior element fractures (80%). In these 24 patients, con- 
tiguity of the associated fractures with the burst level was 
tabulated (Table 3). Fourteen of 24 associated fractures 
(58.3%) were located more than one level from the burst, 


C 


clearly demonstrate location and size of retropulsed fregments (star), compo- 
nents of burst injury, and consequent impingement on spinal cord. 


while eight of these (33.3%) were more than three levels from 
the burst. 


Associated Neurologic Injury 


Neurologic sequelae from vertebral burst ‘ractures are com- 
mon. In our series, 45 of 69 patients (65.2%) presented with 
acute neurologic deficits. 

Of 20 patients with neurologic deficit wro had associated 
vertebral body or posterior element fracture at another level, 
the neurologic level corresponded with the burst level in 19 
cases (95%), rather than with the level of the associated 
fracture. 
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Fig. 4.—Basic mechanism of injury. Dominant axial load (straight arrow) 
with superimposed flexion (curved arrow). Note typical appearance of involved 
body on anteroposterior and lateral views. Characteristic features include: (1) 
compression of superior (+ inferior) endplates, (2) widened interpediculate 
distance, (3) retropulsed fragment, (4) sagittal split extending to basivertebral 
foramen, and (5) displaced anterosuperior fragment. 


No definite correlations existed between radiographic ap- 
pearance and neurologic status. Specifically, posterior ele- 
ment fracture, associated translation, and degree of spinal 
canal narrowing were not predictive of neurologic deficit. 


The Retropulsed Fragment 


CT analysis of the retropulsed fragment from the postero- 
superior aspect of the vertebral body in 15 cases revealed 
four basic patterns (Fig. 2). The midline single fragment was 
seen most commonly (46.7%). Fragment location and char- 
acterization were more clearly delineated by CT in the axial 
plane. Reformatting techniques allowed coronal and Sagittal 
visualization of the fragment, and when combined with low- 
dose intrathecal metrizamide, provided more information than 
myelography alone (Fig. 3). 


Mechanism of Injury 


The basic mechanism of injury in spinal burst fractures has 
been discussed by many authors [2, 6, 10-12]. Axial com- 
pressive forces, with varying degrees of flexion force, result 
in the characteristic skeletal deformities (Fig. 4). When rota- 
tional forces are superimposed upon the dominant axial load, 
burst variants result. 


Classification of Burst Fractures 


Spinal burst fractures can be classified according to radi- 
ographic appearance (Fig. 5). Dual retropulsion bursts (type 
A) occurred in 22.7% of our cases. In these fractures, frag- 
ments originating from both the posterosuperior and poster- 
oinferior margins of the involved vertebral body are retro- 
pulsed into the spinal canal. The classic burst (type B) was 
most common in our series (54.7% of cases). With retropul- 
sion from the posterosuperior corner, the inferior endplates 
remain intact. The type C burst, with isolated posteroinferior 
retropulsion and intact superior endplates, is theoretically 
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TYPE A (22.7%) TYPE B (54.7%) TYPE C (0%) 
DUAL RETROPULSION CLASSIC BURST POSTEROINFERIOR 
RETROPULSION 





TYPE D1 (17.3%) TYPE D2 (2.7%) TYPE E (2.7%) 
BURST-LATERAL BURST-SAGITTAL UNILATERAL 
TRANSLATION TRANSLATION BURST 


Fig. 5.—Classification of burst fractures, modified from Denis [11] (star = 
retropulsed fragment). 


presumed and has been reported [11], although no cases 
were identified in our series. 

Burst translation can be subdivided into two subsets, ac- 
cording to the predominant direction of translation. All type D 
bursts occurred in single-level bursts. Type D,, or burst-lateral 
translation fractures, result from axial compression with a 
significant component of lateral rotation/flexion. Correct di- 
agnosis is predicated upon obtaining an anteroposterior view, 
as the lateral view alone may not even suggest this injury. 
Burst-sagittal translation fractures (type D2) were rare, occur- 
ring in only 2.7% of cases. These complex fracture-disloca- 
tions result from axial compression with an accompanying 
hyperflexion, so that facet perching or framk locking occur. 
These fractures can be suspected when the kyphotic deform- 
ity on the initial lateral view is marked. The unilateral burst 
(type E) was also infrequent (2.7%). In these unusual frac- 
tures, marked comminution involves predominantly one side 
of the vertebra, so that the retropulsed fragment Originates 
from that side only. An acute lateral flexion, in combination 
with axial loading, is responsible for this peculiar fracture. CT 
is superior in identifying this type of burst. 


Approach to Radiographic Diagnosis 


Several clues on plain radiography suggest the presence 
of the burst fracture and allow differentiation from the more 
common, and less worrisome, wedge compression fracture. 
On presentation to the emergency room, both lateral and 
anteroposterior radiographs should be obtained. On the /at- 
eral radiograph, after noting a wedge deformity of the verte- 
bral body, attention should be directed to the posterosuperior 
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Fig. 6.—Case 1. Classic burst (see text for full 
description). A, Lateral; B, Anteroposterior; C, Axial 
CT; D, Axial CT. 


corner of the vertebral bodies to identify a retropulsed frag- 
ment. Significant kyphosis at the involved level can signify the 
presence of a burst-transiation, an unstable injury. Facet 
alignment should be scrutinized. On the anteroposterior radi- 
ograph, malalignments, such as unsuspected lateral transla- 
tion, can be missed if one relies solely on the lateral film. A 
focal increase in interpediculate distance signifies posterior 
element disruption, another indicator of instability. The mar- 
gins of the vertebral bodies should be identified, with particular 
attention to the superior margins, as the retropulsed fragment 
can be visualized on the anteroposterior view if specifically 
sought. Vertical fracture components in the vertebral body, 
pedicle, and lamina can also be identified. The search for 
specific anatomical derangements, as illustrated by the follow- 
ing cases, will result in the definition of the injury as well as 
proper triage for further evaluation by CT or tomography. 


BURST FRACTURES OF THE SPINE 579 





Approach to Radiographic Diagnosis 


Case 1 Classic Burst (see Fig. 6). On the lateral view (Fig. 
6A), scrutinize the posterosuperior margin of the vertebral 
body for the retropulsed fragment (arrow). Note the double 
density of the cortical bone as a consequence of fragment 
rotation. Anterior wedge deformity greater than 25%, as in 
this case, was present in 75.6% of cases. Also note the 
displaced anterosuperior fragment (arrowhead). On the anter- 
oposterior view (Fig. 6B), widened interpediculate distance 
(arrowheads), angulation of superior endplates (open arrows) 
and obscuration of inferior endplates, and left perispinous 
laminar fracture (small arrows) can be seen. The major retro- 
pulsed fragment (star) is also visualized. The sagittal vertebral 
body fracture is not seen. CT (Figs. 6C and 6D) clearly defines 
the retropulsed midline fragment (star) and subsequent spinal 
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Fig. 7.—Case 2. Unilateral burst (see text for full description). A, Lateral; B, Anteroposterior; C, Axial CT. 
Fig. 8.—Case 3. Burst lateral translation (see 


text for full description). A, Lateral; B, Anteropos- 
terior; C, Coronal tomogram; D, Coronal tomogram. 





C D 


canal narrowing, the characteristic laminar fracture abutting Case 2 Unilateral Burst (see Fig. 7). On the lateral view (Fig. 
the spinous process (curved arrow),eand the sagittal vertebral 7A\, the fragment can be easily identified emanating from the 
body fracture (open arrow). The left facet joint is minimally posterosuperior margin (arrow). Note the distortion of the 
widened (small arrows). superior margin of the vertebral body. On the anteroposterior 
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Fig. 9.—Case 4. Burst sagittal translation (see 
text for full description). A, Lateral; B, Anteropos- 
terior; C, Lateral tomogram; D, Lateral tomogram. 


view (Fig. 7B), there is asymmetric lateral wedge deformity of 
the vertebral body, worse on the right (arrow). The interpe- 
diculate distance (IPD) is widened (arrowheads). The axial CT 
(Fig. 7C) demonstrates the unilateral burst fracture with the 
retropulsed fragment filling the left half of the spinal canal 
(open arrow). Note that the fragment has “flipped,” so that its 
cortices face anteriorly. There is also bilateral facet subluxa- 
tion (small arrows). 

Case 3 Burst-Lateral Translation (see Fig. 8). The lateral 
view (Fig. 8A) demonstrates the burst fracture of L1, with 
typical fragment (arrow). Note the significant degree of ky- 
phosis. The anteroposterior view (Fig. 8B) shows obvious 
lateral translation of the lumbar spine toward the left, widened 
IPD (arrowheads), and bilateral laminar fractures (curved ar- 
rows). Coronal tomography (Figs. 8C and 8D) demonstrates 
the vertical fracture components and marked lateral transla- 
tion in this patient with incomplete neurologic deficit. 

Case 4 Burst-Sagittal Translation (see Fig. 9). The lateral 
view (Fig. 9A) demonstrates wedge deformity of T12 with 
accompanying marked kyphosis. The retropulsed fragment is 
readily seen (star). On the arteorposterior view (Fig. 9B), note 
only minimal lateral translation. In this case, the IPD is not 
significantly widened when compared with that of the adjacent 
vertebral bodies. The interspinous distance (arrows) is in- 
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creased, indicating posterior element disruption. Lateral to- 
mography (Figs. 9C and 9D) clearly identifizs the unilateral 
facet lock (arrow) and the large retropulsed fragment (dot). 


Discussion 


Since its initial conceptualization by Holcsworth in 1963 
[13], the burst fracture has been the subject of numerous 
radiologic, orthopedic, and neurosurgical investigations. 
These complex fractures result from an axial compressive 
load applied to the spinal column, with varying degrees of 
accompanying flexion and/or rotation. Characteristic compo- 
nents of the injury include: centripetally oriented disruption of 
the vertebral body, vertical fracture of the vertebra emanating 
from the basivertebral foramen, unilateral or bilateral posterior 
element fractures that abut the spinous process, marked 
anterior wedge deformity, increased interpeciculate distance, 
and significant spinal canal narrowing by retropulsed frag- 
ment(s) from the posterosuperior (and posteroinferior) corners 
of the vertebra. Nearly all bursts occur from T9 to L5; double 
bursts, with or without contiguity, are found in less than 10% 
of cases. Associated neprologic deficit is the rule; it nearly 
always corresponds to the level of the burst rather than to 
the frequently found noncontiguous associated spine fracture. 
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With the advent and refinement of high-resolution CT, 
certain characteristic patterns can be delineated that allow 
precise definition and classification of the injury, aid in pre- 
operative treatment planning, and help explain the frequently 
observed “unstable” nature of these uncommon spinal frac- 
tures [2, 3, 5, 8, 11, 14]. Radiographic indicators of instability 
include (1) the presence of translational components, (2) 
compression greater than 50% of vertebral body height, (3) 
fracture of the posterior elements, and (4) increased interpe- 
diculate distance. In our series, no definite prognostic differ- 
ence could be discerned among the types of bursts and their 
associated retropulsed fragments. However, recognition of 
burst variants with their accompanying translations, and pre- 
cise delineation of fragment anatomy, does aid in treatment 
planning. 

While CT displays the components of the burst fracture 
and its fragments in unrivaled detail, and images can be 
obtained without significant patient manipulation, its use is 
not without pitfalls. Since axial imaging does not allow easy 
recognition of translational components, reformatting is nec- 
essary. In addition, more than half of associated vertebral 
body/posterior element fractures were not contiguous with 
the burst, and over 40% were found more than two levels 
from the burst. We recommend both lateral and anteropos- 
terior views of the thoracic and lumbar spine in the emergency 
room as a routine. Plain tomography may be of value in some 
cases. 
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CT of Extraarachnoid 
Metrizamide Instillation 








Because CT of spinal extraarachnoid metrizamide collections may be misleading, we 
reviewed the postmetrizamide CT scans of 425 patients in order to characterize the 
appearance of subdural or epidural metrizamide. Eight patients were found to have 
extraarachnoid metrizamide contrast collections. In all patients, both the subarachnoid 
space and the extraarachnoid collection were opacified with metrizamide. In seven 
patients, a subdural collection of metrizamide created a mass upon the opacified 
subarachnoid space. Three of these subdural collections were less dense than the 
opacified subarachnoid compartment and simulated soft-tissue disease, including tumor 
and an arteriovenous malformation. The hypodense collections are probably a result of 
leakage of metrizamide and cerebrospinal fluid through the spinal needle defect. CT 
clues for diagnosing these potentially misleading subdural collections include preser- 
vation of the normal dural and epidural interface, identification of small islands of 
metrizamide within a suspected soft-tissue “mass,” the presence of concomitant epi- 
dural contrast material collections, and the absence of adjacent vertebral-body destruc- 
tion. 


The plain-film appearance of extraarachnoid collections of contrast material 
occurring during myelography are well known [1, 2]; however, the CT appearance 
of extraarachnoid collections of metrizamide has received little attention. It is our 
experience that such collections may result in confusing images. This article 
examines the potential error caused by the CT appearance of subdural metrizamide, 
which may simulate extradural spinal disease. 


Materials and Methods 


We reviewed 425 postmetrizamide CT scans, done over a 2-year period (1982-1984), for 
evidence of extraarachnoid contrast material. Eight patients with extraarachnoid collections 
on postmetrizamide CT were identified. Conventional lumbar myelographic techniques were 
used in all cases. In all eight patients, the spinal puncture was performed in the prone position 
using a 22-gauge spinal needle placed at the L2 to L3 level. Ten to 12 mi of metrizamide 
(190 mg of iodine/ml) were then instilled. No complications were encountered in the myelo- 
graphic procedure. Routine anteroposterior, lateral, and oblique spot radiographs were 
obtained of the lumbar spine. The patient was then placed in a supine position for 3 to 4 
hours. Prior to the CT study, all patients were rotated 360° about the spinal axis to mix the 
cerebrospinal fluid with the metrizamide. Supine CT scanning (GE CT/T 8800) of the lumbar 
spine was performed 2 to 4 hours after myelography. Scans were obtained through suspected 
areas of disease, usually from the L3 to the S1 vertebral body, using 5.0-mm-thick slices, 
spaced every 3 mm. CT studies were not routinely performed at the L2-L3 site of needle 
puncture. 


Results 


Subdural collections of contrast material were visualized by postmetrizamide CT 
in seven patients. One other patient had a partial epidural metrizamide collection. 
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in five of these eight patients, extraarachnoid collections 
were of equal or higher density than that of the opacified 
thecal sac. The diagnosis of extraarachnoid contrast material 
in these patients was obvious. 

In the other three patients, the subdural collection had a 
CT density lower than that of the opacified thecal sac. The 
resulting “soft-tissue” appearance can be particularly confus- 
ing and is probably due to the dilution of metrizamide with 
cerebrospinal fluid. The subdural collections of metrizamide 
and cerebrospinal fluid simulated potentially serious extra- 
dural mass lesions in two of these three patients (Figs. 1 
and 2). 

In the other patient, a subdural fluid collection extended 
with fingerlike projections from the lumbar puncture site to 
the upper thoracic region. This appearance was consistent 
with the tubular filling defects typical of a spinal arteriovenous 
malformation, the suspected clinical diagnosis (Fig. 3A). A 
follow-up postmetrizamide CT study performed 2 weeks later 
demonstrated complete resolution of the abnormal extraar- 
achnoid collection (Fig. 3B). In all seven patients who had 
subdural collections, the subarachnoid compartment was de- 
formed; however, the interface between the dura and sur- 
rounding epidural fat appeared normal (Figs. 1-3). 

A review of the plain films taken directly after metrizamide 
instillation failed to identify extraarachnoid collections of me- 
trizamide in those patients having a subdural collection less 
dense than the opacified thecal sac. In the five patients with 
collections that were isodense or hyperdense relative to the 
thecal sac, only three were identified on plain-film metrizamide 
myelography. 


Discussion 


Subdural and epidural metrizamidg collections may occur 
during metrizamide instillation as a result of either direct 
injection of contrast material through a malpositioned spinal 
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Fig. 1.—A, Case 1: partial subdural 
injection of conus medullares level post- 
metrizamide myelography. The densely 
opacified subarachnoid space (arrow) has 
been concentrically narrowed by partial 
subdural injection of metrizamide. The 
lower density of the subdural compart- 
ment is probably a result of cerebrospinal 
fluid mixing with metrizamide. The outer 
dural margin and epidural fat are both 
normal. B, Postmetrizamide CT section 
at the L1 level shows opacified subarach- 
noid space displaced anteriorly by “soft- 
tissue mass” (arrow), which is actually an 
extension of subdural mixture of cerebro- 
spinal fluid and metrizamide. 





Fig. 2.—Case 2: partial subdural injection. Anterior subdural fluid collection 
(arrowhead) displaces opacified subarachnoid space posteriorly. Convex mar- 
gin suggests a soft-tissue mass; however, the intact circular dural margin and 
epidural fat (arrows) suggest a subdural collection. Metrizamide myelography 
revealed only displacement of opacified subarachnoid space from vertebral 
body. 


needle or leakage of metrizamide and cerebrospinal fluid 
through the arachnoid defect left by the spinal needle. Con- 
trast material may also leak into the extraarachnoid compart- 
ments through surgical or traumatic dural tears [3]. 

The conventional radiographic appearance of extraarach- 
noid contrast material is well recognized. One series reviewed 
Pantopaque myelography using 18-gauge spinal needles and 
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Fig. 3.—A, Case 3: partial subdural 
injection. CT scan of thoracic spine of 58- 
year-old man with history of progressive 
bilateral lower extremity weakness and 
Clinically suspected thoracic spinal cord 
arteriovenous malformation. Initial routine 
myelography was normal. Postmetriza- 
mide CT revealed long eccentric filling 
defects (arrows) inside margin of opaci- 
fied thecal sac. B, Repeat metrizamide 
CT scan, 2 weeks after initial study, was 
normal. Linear filling defects were no 
longer present and they probably repre- 
sented small tubular collections of sub- 
dural fluid loculated by dural-arachnoid 
membranous attachments. A spinel arte- 
riogram was thereby avoided. 


reported a 10% incidence of extraarachnoid contrast material 
[2]. In our experience with metrizamide myelography and 
postmetrizamide CT, extraarachnoid collections are much 
more uncommon. Perhaps the use of metrizamide and 22- 
gauge spinal needles accounts for the relatively few extraar- 
achnoid collections we detected. 

In comparison to plain-film metrizamide myelography, post- 
metrizamide CT of the spine provides better delineation of 
the thecal sac contents from intradural and extradural struc- 
tures [4-10] and visualizes small collections of relativeiy low- 
density metrizamide undetected by plain films [3]. The CT 
appearance of extraarachnoid collections, however, is less 
familiar to radiologists and, in our experience, may simulate a 
serious pathology. While no direct chemical side effects of 
extraarachnoid instillation are known, differentiation of these 
collections from other pathologic lesions is important so that 
further diagnostic studies or surgical intervention can be 
avoided. 

Partial subdural collections of metrizamide may be either 
hypodense, isodense, or hyperdense relative to the opacified 
subarachnoid compartment. The density difference probably 
depends not only on the amount and concentration of contrast 
that is directly injected into the subarachnoid and extraarach- 
noid compartments, but also on the amount and concentration 
of opacified cerebrospinal fluid that leaks into the subdural 
compartment during the interval between myelography and 
postmetrizamide CT. Other contributing factors may include 
the exact needle position, compliance of the subdural space, 
bleeding within the subdural space, and the relative subdural 
and subarachnoid pressures. 

A hypodense or isodense subdural collection may result in 
a soft-tissue density that simulates an extradural mass lesion 
on postmetrizamide CT. In six of our seven patients with 
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subdural collections, the subdural metrizamide collection ap- 
peared as a mass that deformed the arachnoid membrane 
and the opacified subarachnoid space. Three of these mass- 
like collections had a soft-tissue density suggesting serious 
pathology, such as epidural tumor or arteriovenous malfor- 
mation (Figs. 1-3). 

In one case in which the subdural collection had a soft- 
tissue attenuation, small islands of higher-density metrizamide 
were identified within the collection, documenting the pres- 
ence of subdural metrizamide (Fig. 1A). Recognition of this 
intracompartmental density difference on metrizamide CT is 
important in diagnosing a subdural collection of metrizamide. 

Other radiographic clues may help diagnose a subdural 
contrast collection on postmetrizamide CT. Subdural collec- 
tions displace the arachnoid membrane away from the dura, 
and as aresult deform only structures within the subarachnoid 
space. Therefore, normal epidural fat planes around the pe- 
rimeter of the thecal sac are always observed in the presence 
of a subdural collection. This preservation of epidural fat 
may be a Clue in differentiating a subdural collection from 
extradural mass lesions, such as epidural metastases, which 
usually obliterate the normal dural fat planes surrounding the 
thecal sac. Another clue to the presence of a subdural metri- 
zamide collection is the absence of distortion of the normal, 
round dural margin (Fig. 1). Epidural disease will often distort 
this dural margin, resulting in both epidural fat infiltration as 
well as distortion of the round perimeter of the thecal sac. 

In summary, a mixture of metrizamide and cerebrospinal 
fluid may collect within the subdural space after metrizamide 
myelography and form a soft-tissue density on postmetriza- 
mide CT scans of the lumbar spine. This collection can deform 
the opacified thecal sac and simulate intrathecal or epidural 
mass lesions. If we ecounter a soft-tissue density mass on 
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postmetrizamide CT that could represent either an extradural 
mass or a subdural collection of contrast material, we search 
for the associated findings that are diagnostic of a collection 
of subdural contrast material. These include: (1) preservation 
of the normal dural and epidural interface despite the distor- 
tion of the subarachnoid space (Figs. 1B and 2); (2) high- 
density islands of metrizamide layering within the suspected 
“mass” of soft-tissue attenuation (Fig. 1A); (3) the presence 
of epidural contrast material in addition to the suspicious soft- 
tissue mass; and (4) absence of adjacent vertebral body 
destruction, a finding usually present in cases of true epidural 
masses. 

Given the above criteria, it is possible to reliably differentiate 
a soft-tissue mass from a subdural collection of metrizamide. 
In the unusual case in which this differentiation cannot be 
accomplished, a repeat CT study may show resolution of the 
extraarachnoid collection. The ability to recognize benign 
collections of contrast material can prevent misinterpretation 
of CT scans and the resultant unnecessary diagnostic and 
surgical procedures. 
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CT Evaluation of Effects of 
Cranial Radiation Therapy in 
Children 





A retrospective evaluation was completed of 49 children who received conventional 
cranial radiation therapy for primary central nervous system and/or skull-base neoplasia 
and who had follow-up CT studies. In these children, abnormalities in normal parenchyma 
away from the tumor itself were surprisingly frequent, with or without chemotherapy. 
Generalized volume loss or atrophy was the most frequent abnormality (51%), but in 
this population it may have resulted from a variety of causes. Calcification in nontumo- 
rous parenchyma was common (28%) with or without chemotherapy. The most frequent 
site of calcification was subcortical at the gray-white junction. Calcification was pro- 
gressive over 1-2 years and correlated pathologically with mineralizing microangiopathy 
and dystrophic calcification with demyelination. White-matter abnormalities other than 
those associated with shunt malfunction and tumor edema occurred in 26% of the 
patients. Both white-matter abnormalities and calcification occurred predominantly in 
younger children, particularly those under 3 years old at the time of radiation therapy. 
Of the 21 children who received chemotherapy in this series, only two received metho- 
trexate. White-matter abnormalities and calcifications occurred with similar frequency 
in children with and without chemotherapy; thus, radiation therapy is the most likely 
cause of these findings. 


Cranial radiation therapy is a standard component of treatment for children with 
central nervous system (CNS) neoplasia. However, the long-term effects of this 
therapy on the developing brain are only recently being recognized. The literature 
[1-5] describes a decline in neuropsychological skills after radiation therapy, but 
the source of this decline is unclear. Pathologic studies [3, 6-10] suggest that 
radiation-induced abnormalities at therapeutic levels of radiation therapy are un- 
common, or are exacerbated by the synergistic effect of chemotherapy, particularly 
methotrexate [11-25]. 

In this study a retrospective evaluation was completed of children who received 
therapeutic radiation for CNS neoplasia to determine (1) the frequency of CT 
abnormalities occurring in normal brain and (2) the contribution of radiation therapy 
to these abnormalities. 


Materials and Methods 


A retrospective review was completed of all children with primary CNS or skull-base 
neoplasia who underwent cranial radiation therapy between 1979 and 1982 (53 children). 
Only those with a follow-up CT examination at least 3 months after radiation therapy were 
included (mean follow-up time = 2.3 years, range = 3 months to 5v2 years). Forty-nine 
children met these criteria. 

Charts were reviewed to determine the surgical procedures performed; histologic diagnosis; 
age at time of radiation therapy; dose, fractionation, and portal of treatment; dates and types 
of chemotherapy administered; and clinical status at*last follow-up visit. 

CT scans were reviewed for abnormalities unrelated to the tumor itself. Abnormalities 
evaluated included presence, location, and progression of calcification; presence and location 
of white-matter abnormalities; focal or generalized atrophy; hydrocephalus; and infarction. 
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TABLE 1: Histologic Diagnosis, Location, and Radiation Dose 








Dose (Rads) 
Tumor Type Location 
Whole Brain Tumor 
Medulloblastoma Posterior fossa (17) 2550-4040 4500-5480 
Medulloneuroblastoma Posterior fossa (1) 3500 4450 
Astrocytoma:fibrillary/pilocytic Pons; no biopsy (2) 5000 (1) 4484 (1) 
Hypothalamus/chiasm (5) 4140-5600 (4) 3960 (1) 
Thalamus; no biopsy (1) — 5000 
Glioblastoma multiforme Brainstem (1) — 5000 
Rt. cereb. hemis. (1) — 6100 
Lt. cereb. hemis. (1) 6500 — 
Primitive neuroectoderm (malig- 
nant small cell) Rt. frontal lobe (1) 3960 5960 
Small-cell sarcoma Thalamus (1) — 5610 
Ependymoma 4th cranial nerve (4) 3910-4980 4420-4800 
Lt. cereb. hemis. (2) — 5500-5580 
Ependymoma, malignant 4th ventricle (2) 3520 4800 
Gangliocytoma Rt. frontal lobe (1) — 5500 
Melanoma, malignant Rt. temporal-parietal (1) 4050 S990 
Pineal Pineal; no biopsy (3) 4000 1000-1500 
Craniopharyngioma Suprasellar (1) — 5700 
Neuroblastoma Rt. frontal (1) 5000 5800 
Both lateral vent. (1) 5000 -— 
Teratoma Suprasellar & It. temporal 3500 — 
(1) 
Juvenile fibroma Rt. orbit (1) — 5500 
Esthesioneuroblastoma Sphenoid, It. orbit, maxil- — 5000 
lary sinus (1) 





White-matter abnormalities related to tumor edema and/or shunt 
malfunction were excluded. Atrophy was described only when sulci, 
cisterns, and ventricles were enlarged consistently over a period of 
time proportionate to the child's age. 

Nonneoplastic tissue, obtained after radiation therapy, was avail- 
able from seven children, including three with complete postmortem 
examination of the CNS. This tissue was evaluated histologically, and 
results were correlated with radiographic and clinical findings. 


Results 


Forty-nine children ranging in age from 6 weeks to 17 years 
at the time of presentation were evaluated in this study. 
Diagnoses, histologic location, and radiation dose are charted 
in Table 1. Mean age at the time of radiation therapy was 72 
years (range 3 months to 17 years). Fractionation of radiation 
dose was less than or equal to 200 rads per day. Twenty- 
eight children were treated with surgery and radiation alone, 
and 21 children also received one or more courses of chemo- 
therapy. Chemotherapeutic agents administered varied in 
type, dose, and route of administration. Only two children 
received methotrexate. Many children received acute steroid 
therapy during radiation therapy; however, none were on 
chronic steroid therapy. Many were maintained on chronic 
phenobarbital and/or phenytoin for seizure control or prophy- 
laxis. Thirty-nine patients had ventricular shunts for hydro- 
cephalus. 

CT abnormalities encountered in nontumorous parenchyma 
are correlated with age at the time of radiation therapy and 
chemotherapy in Table 2. Atrophye for age was the most 
frequent abnormality encountered (Fig. 1), and was usually 


TABLE 2: CT Abnormalities Correlated with Age at Time of 
Radiation Therapy and Chemotherapy 


Chemotherapy 
———$———— Totals (%) 
+ F 
Atrophy: 
<3 yr (n = 14) + 3 3 6 (43) 
_ 2 6 
3-12 yr (n = 22) + 6 6 12 (54) 
= 5 5 
>12 yr (n = 13) + 2 (1*) 5 7 (54) 
a Sa 3 
Total 25 (51) 
White-matter abnormalities: 
<3 yr + 0 6 6 (43) 
— 5 3 
3-12 yr + 1 2 3 (14) 
— 10 9 
>12 yr + 4 (2*) 0 4 (31) 
— 1 8 
Total 13 (26) 
Calcifications: 
<3 yr + 2 6 8 (57) 
— 3 3 
3-12 yr + 0 4 4 (18) 
— 11 7 
>12 yr + 2 (1%) 0 2 (15) 
oti) 8 
Total 14 (28) 





Note.—The presence (+) or absence (—) of CT abnormalities is correlated with age in 
years at the time of radiation therapy on the vertical axis and with whether (+) or not (—) 
chemotherapy was administered on the horizontal axis. 

*Two children received methotrexate as part of their chemotherapy; abnormalities in 
these children are in parentheses. 
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Fig. 1—Generalized enlargement of cerebral 
sulci in 6-year-old child treated for ependymoma 2 
years earlier with 4500 rads. 
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Fig. 2.—A, Focal right frontal white-matter area of decreased attenuation representing demyelination as 
confirmed by biopsy in an 11-year-old child treated for neuroblastoma 21 months earier with 5000 rads. B, 
Lucent occipital white matter with adjacent gray-white junction calcification in a child treated for medullo- 


blastoma 15 months earlier with 4535 rads to the posterior fossa. 


generalized in distribution. Because the CT appearance of 
volume lass could vary from scan to scan, atrophy was 
described only when seen on multiple studies. Atrophy inci- 
dence varied little with age or administration of chemotherapy. 
Seventeen children had generalized atrophy as the only CT 
abnormality unrelated to the tumor itself. 

Focal (three cases) or generalized (10 cases) areas of 
decreased white-matter attenuation were identified in 26% of 
the patients (Fig. 2). Nine of these also had focal calcifications. 
White-matter abnormalities occurred in nine patients who 
were younger than 12 years old. Two of the four children 
older than 12 years with white-matter abnormalities had re- 
ceived methotrexate. White-matter abnormalities were always 
within the radiation portal and were identified in children who 
had never received chemotherapy. Radiation dosage in this 
group ranged from 2600-5000 rads. 

Calcifications in nontumorous parenchyma were identified 
in 14 chilcren (Fig. 3), appearing as early as 3 months after 
radiation therapy. These tended to occur in younger children, 
with or without chemotherapy. Calcification occurred most 
frequently at the gray-white junction ‘of the cerebral hemi- 
spheres followed by the basal ganglia, with one patient each 
having calcification in the caudate nucleus and cerebellum. In 
six children, calcification progressed in extent and density 
(Fig. 4). Calcification was encountered without CT evidence 
of white-matter disease or atrophy in four patients. Radiation 
doses in children with calcification ranged from 3500-5500 
rads. 


Infarction was encountered in only two cnildren. Both had 
large chiasmal/hypothalamic gliomas; thus, their infarcts were 
not clearly related to radiation therapy [26]. Of these, one 
with bilateral middle cerebral artery infarcts developed exten- 
sive calcification in the infarcted tissue (Fig. 5). 

No secondary neoplasms were identified in radiated tissue 
in this series. 

Available information about intelligence and functional level 
was obtained from chart review; thus, detailed testing was 
not performed. Five children who showed no CT evidence of 
recurrent or residual tumor were intellectually and/or function- 
ally impaired. 

Nonneoplastic tissue was available for histologic examina- 
tion after radiation therapy in seven chilcren (four biopsy 
specimens, three autopsy). All demonstrated multiple abnor- 
malities typical of radiation effects in norma tissue, including 
gliosis, demyelination, vascular fibrosis and/or fibrinoid necro- 
sis, and calcification both in the neuropil and in or around 
vessels (Fig. 6). These changes were most striking in tissue 
near the neoplasm, but the extent of each change was 
variable from case to case. Six of the seven children had 
atrophy by CT with no histologic correlat2. Only two had 
visible calcification on CT (one in basal ganglia, one in exten- 
sive infarctions); thus, the predilection for celcifications at the 
gray-white junction noted by CT could not be confirmed 
pathologically. Three specimens contained Dderivascular and/ 
or dystrophic calcifications histologically that were not visible 
on CT. By CT, only one child of the seven had white-matter 
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hypolucency; this correlated histologically with extensive vas- 
cular fibrosis, calcification, and gliosis. The other six children 
had histologically identifiable white-matter abnormalities that 
were not apparent on CT. 


Discussion 


Although radiation therapy is of significant value in the 
management of children with primary CNS neoplasia, the 
long-term effects on survivors are unclear. Pathologic studies 
describe adverse effects of radiation therapy as uncommon 
both in adults and children [3, 6-10]; however, adverse effects 
in survivors are largely undocumented. Likewise, CT abnor- 
malities in survivors may not be confirmed by biopsy and/or 
resection; thus, the true incidence of radiation-induced lesions 
is unknown. Many reports document the adverse effects of 
radiation therapy with large single or cumulative radiation 





AJR:147, September 1986 


dosages, or with daily fractions of greater than 200 rads [3, 
6], but the relationship between these examples and conven- 
tional radiation therapy is unclear. To further complicate the 
issue, patients may also receive chemotherapeutic agents 
with known adverse effects on normal parenchyma or that 
have a synergistic effect with radiation therapy. 

In children surviving acute lymphocytic leukemia, the ad- 
verse effects demonstrable by CT and pathology of metho- 
trexate combined with low doses of radiation therapy are well 
documented [12-25, 27]. A synergistic effect exists between 
intrathecal or intravenous methotrexate and low levels of 
radiation, resulting in damage to normal parenchyma. Abnor- 
malities include white-matter necrosis and mineralizing mi- 
croangiopathy with secondary decreased intellectual function 
[5]. The sequelae in children treated with radiation therapy 
alone, however, are less clear. 

In this series, primary goals were to identify abnormalities 


Fig. 3.—Basal ganglia and gray-white junction calcification in a 4-year-old child treated for medul- 
loblastoma at age 7 months with 3420 rads. 


Fig. 4.—A, Calcifications first identified 7 months after radiation therapy for medulloblastoma (4930 
rads at age 2⁄2 years) progressed in extent and density over a 3-year follow-up (B). C, Noncontrast 
CT confirms calcifications. 
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Fig. 5.—Extensive calcification of previously in- 
farcted tissue in a child who received radiation ther- 
apy for optic chiasm/hypothalamic glioma 10 months 
earlier (4140 rads at age 5 months). 


apart from the tumor itself and to determine the relationship 
between these and the child's age at the time of radiation 
therapy and chemotherapy. The most frequent abnormality 
encountered (51%) was generalized volume loss or atrophy 
for the child's age. Although radiation therapy may be contrib- 
utory, it is difficult to attribute atrophy to radiation alone. In 
this population, chemotherapy, other drugs (i.e., steroids and 
phenytoin), repeated episodes of increased intracranial pres- 
sure, postoperative subdural hygromas and/or hematomas, 
and nutritional disorders may be contributory. Furthermore, 
with serial CT studies “atrophy” may be transient or variable 
in degree. 

The frequency of calcification on CT in nontumorous tissue 
in this series was surprising (28%). Interestingly, six of seven 
children with histologic evaluation showed significant calcifi- 
cation at the microscopic level. Calcification of the basal 
ganglia after radiation therapy is well recognized [28]. In this 
series, however, the most frequently identified site of calcifi- 
cation was subcortical at the gray-white junction, perhaps 
because of the image quality of high-resolution later-genera- 
tion CT. Calcifications could be progressive over 1-2 years. 
Correlation with available pathology suggested that this sub- 
cortical calcification was a result of radiation-induced vascu- 
lopathy with perivascular calcification (mineralizing microan- 
giopathy) or with demyelination and tissue necrosis followed 
by dystrophic calcification. Although mineralizing microangi- 
opathy and dystrophic calcification are thought to be specific 
for the combination of methotrexate and radiation therapy 
[13, 24], in this series these pathologic abnormalities occurred 
with radiation alone. 

White-matter abnormalities were identified in 26% of ra- 
diated children. White-matter abnormalities after radiation and 
methotrexate have been described [3, 12, 14, 17, 19, 21, 
25]; however, in this group only two children received meth- 
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Fig. 6.—Mineralizing microangiopathy without methotrexate. Calcifications 
(arrowheads) are seen within and beside walls of small vessels in subcortical 
white matter in patient with hypothalamic astrocytoma treated 1 year earlier 
(age 5 months) with 4140 rads (hematoxylin-eosin, x 400). 


otrexate. White-matter abnormalities tended to occur in 
younger children, particularly those under 3 years old, with or 
without chemotherapy. A rapid phase of myelination occurs 
in early childhood, so it is predictable that radiation therapy 
would adversely affect the proliferating glial elements in young 
children [6]. 

Premature atherosclerotic and arteriosclerotic vascular dis- 
ease and even a moyamoya appearance have been attributed 
to radiation therapy [29-31]. In this series, however, the only 
infarcts encountered were in children with chiasmal and/or 
hypothalamic tumors. In our experience, these tumors may 
encase and obliterate major vessels at the skull base in the 
absence of radiation therapy [26]. Thus, the infarcts in this 
series cannot definitely be attributed to radiation. 

A synergistic effect on tissue has been described with 
radiation and ischemia [6, 9]. This was apparent in one child 
who developed extensive calcification in infarcted tissue after 
radiation therapy. 

Tumor induction from radiation therapy has a latency period 
of up to 15 years [32-36]; thus, the absence of new or 
secondary neoplasms in this series with a mean follow-up of 
2.3 years is not surprising. 

Radiation necrosis may result in frank disruption of the 
blood-brain barrier with contrast enhancement and mass ef- 
fect mimicking tumor recurrence [21-22, 24, 37]. This was 
suspected but not documented in one patient in our series. 
The possibility exists that radiation necrosis may have been 
responsible for enhancing masses seen in children in this 
series who were not surgically reevaluated. 

Of major significance is the clinical impact of the CT abnor- 
malities identified. In the absence of detailed clinical testing, 
deficits cannot be clearly related to the abnormalities identi- 
fied. The five children with deficits but with no evidence of 
residual or recurrent tumor were of concern and warrant 
further study. 

In summary, in our seris, adverse effects on nontumorous 
parenchyma by CT after radiation therapy in the pediatric 
population were not unusual. In this series, 39% of patients 
had white-matter abnormalities and/or calcifications whether 
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or not chemotherapy was administered. If atrophy is also 
considered, 73% of children evaluated had abnormalities un- 
related to the tumor itself. Only two children received meth- 
otrexate; thus, a synergistic effect between methotrexate and 
radiation therapy cannot be implicated. Radiation therapy 
alone was the primary therapeutic modality associated with 
white-matter abnormalities and calcification. These abnor- 
malities were more frequent and more severe in younger 
children, particularly those who received radiation therapy 
when they were younger than 3 years old. 


ACKNOWLEDGMENT 


The authors gratefully acknowledge the expert assistance of Fran- 
cine Hollowell and photographer Joe Jackson. 


REFERENCES 


1. Danoff BF, Cowchock S, Marquette C, Mulgre W, Kramer S. 
Assessment of the long-term effects of primary radiation therapy 
for brain tumors in children. Cancer 1982;49: 1580-1586 
2. Kun LE, Mulhern RK, Crisco J. Quality of life in children treated 
for brain tumors. Intellectual, emotional, and academic function. 
J Neurosurg 1983;58: 1-6 
3. Gilbert HA, Kagen AR. Radiation damage to the nervous system. 
New York: Raven Press, 1980 
4. Bamford FN, Morris-Jones P, Pearson D, Ribeiro CG, Shalet SM, 
Beardwell CG. Residual disabilities in children treated for intra- 
cranial space-occupying lesions. Cancer 1976;37:1149-1151 
5. Eiser C. Intellectual abilities among survivors of childhood leu- 
kaemia as a function of CNS irradiation. Arch Dis Child 
1978;53:391-395 
6. Kramer S, Southard ME, Mansfield CM. Radiation effect and 
tolerance of the central nervous system. Front Radiat Ther Oncol 
1972;6: 332-345 
7. Kramer S, Lee KF. Complications of radiation therapy: the central 
nervous system. Semin Roentgenol 1974;11:75-83 
8. Husain MM, Garcia JH. Cerebral radiation necrosis: vascular and 
glial features. ACTA Neuropathol (Ber!) 1974;36:331-385 
9. Kramer S. The hazards of therapeutic irradiation of the central 
nervous system. Clin Neurosurg 1968;15:301-318 
10. Mahaley MS, Vogel FS, Burger P, Ghatak NR. Neuropathology 
of tissues from patients treated by the brain tumor study group. 
Natl Cancer Inst Monogr 1977;46:77-82 
11. Burger PC, Mahaley MS, Dudka L, Vogel FS. The morphologic 
effects of radiation administered therapeutically for intracranial 
gliomas. Cancer 1979;44: 1256-1272 
12. Price RA, Jamieson PA. The central nervous system in childhood 
leukemia. Il. Subacute leukoencephalopathy. Cancer 1975; 
35: 306-318 
13. Price RA, Birdwell DA. The central nervous system in childhood 
leukemia. Ill. Mineralizing microangiopathy and dystrophic calci- 
fication. Cancer 1978;42:717-728 
14. Pedersen H, Clausen N. The development of cerebral CT 
changes during treatment of acute lymphocytic leukemia in child- 
hood. Neuroradiology 1981;22: 79-84 
15. Mueller S, Bell W, Seibert J. Cerebral calcification associated 
with intrathecal methotrexate therapy in acute lymphocytic leu- 
kemia. J Pediatr 1976;88:650-653 
16. Kretzschmar K, Gutjahr P, Kutzner J. CT studies before and 
after CNS treatment for acute lymphoblastic leukemia and malig- 
nant non-Hodgkin's lymphoma in childhood. Neuroradiology 


17. 


18. 


19. 


20. 


PAR 


oe 


23. 


24. 


29; 


26. 


ef. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


1980;20: 173-180 

Kingsley DPE, Kendall BE. Cranial computed tomography in 
leukaemia. Neuroradiology 1978;16:543-546 

Arnold H, Kuhne D, Franke H, Grosch I. Findings in computerized 
axial tomography after intrathecal methotrexate and radiation. 
Neuroradiology 1978;16:65-68 

Peylan-Ramu N, Poplack DG, Pizzo PA, Adornata BT, DiChiro 
G. Abnormal CT scans of the brain in asymptomatic children 
with acute lymphocytic leukemia after prophylactic of the central 
nervous system with radiation and intrathecal chemotherapy. N 
Engl J Med 1978;298:815-818 

Wendling LR, Bleyer WA, DiChiro G, Mclivanie SK. Transient, 
severe periventricular hypodensity after leukemic prophylaxis 
with cranial irradiation and intrathecal methotrexate. J Comput 
Assist Tomogr 1978;2:502-505 

Wang A, Skias DD, Rumbaugh CL, Schoene WC, Zamani A. 
Central nervous system changes after radiation therapy and/or 
chemotherapy: correlation of CT and autopsy findings. AJNR 
1983;4: 466-471 

Shalen PR, Ostrow PT, Glass PJ. Enhancement of the white 
matter following prophylactic therapy of the central nervous 
system for leukemia. Radiology 1981:140:409-412 

Scotti G, Bracchi M, Masera G, Auriti L, De Grandi C, Uderzo C. 
Prophylactic treatment of the central nervous system in acute 
lymphoblastic leukemia. CT findings in 45 children off therapy. 
Ital J Neurol Sci 1981;4:361-366 

Kingsley DPE, Kendall BE. Review: CT of the adverse effects of 
therapeutic radiation of the central nervous system. AJNR 
198 1;2:453-460 

Price RA. Histopathology of CNS leukemia and complications of 
therapy. Am J Pediatr Hematol Oncol 1979;1:21-30 

Davis PC, Hoffman JC, Weidenheim KM. Large hypothalamic 
and optic chiasm gliomas in infants: difficulties in distinction. 
AJNR 1984;5:579-585 

Flament-Durand J, Ketelbant-Balasse P, Maurus R, Regnier R, 
Spehl M. Intracerebral calcifications appearing during the course 
of acute lymphocytic leukemia treated with methotrexate and 
x-rays. Cancer 1975;35:319-325 

Harwood-Nash DCF, Reilly BJ. Calcification of basal ganglia 
following radiation therapy. AJR 1970;108:392-395 

Wright TL, Bresnan MJ. Radiation-induced cerebrovascular dis- 
ease in children. Neurology 1976;26:540-543 

Conomy JP, Kellermeyer RW. Delayed cerebrovascular conse- 
quences of therapeutic radiation. Cancer 1975;36: 1702-1708 
Painter MJ, Chutorian AM, Hilal SK. Cerebrovasculopathy follow- 
ing irradiation in childhood. Neurology 1975;25: 189-194 

Pearl GS, Mirra SS, Miles MI. Glioblastoma multiforme occurring 
13 years after treatment of a medulloblastoma. Neurosurgery 
1980;6:546-551 

Sandler DP, Comstock GW, Matanoski GN. Neoplasms following 
childhood radium irradiation of the nasopharynx. JNC/ 
1982;68:3-8 

Rubinstein AB, Shalit MN, Cohen ML, Zandbank U, Reichenthal 
E. Radiation-induced cerebral meningioma: a recognizable entity. 
J Neurosurg 1984:61:966-971 

Tiberin P, Maor E, Zaizov R, et al. Brain sarcoma of meningeal 
origin after cranial irradiation in childhood acute lymphocytic 
leukemia. J Neurosurg 1984;61:772-776 

Anderson JR, Treip CS. Radiation induced intracranial neo- 
plasms: a report of three possible cases. Cancer 1984;53:426- 
429 

Mikhael MA. Radiation necrosis of the brain. Correlation between 
computed tomography, pathology and dose distribution. J Com- 
put Assist Tomogr 1978;2:71-80 


Brighita Weinberg’ 
Evangelos E. Diakoumakis' 
Elaine G. Kass? 

Burton Seife’ 

Zvi Ben Zvi’ 


Received September 11, 1985; accepted after 
revision April 22, 1986. 


' Department of Radiology, City Hospital Center 
at Elmhurst and Mount Sinai Services, Mount Sinai 
School of Medicine, Elmhurst, NY 11373. Address 
reprint requests to B. Weinberg, Dept. of Radiology, 
City Hospital Center at Elmhurst, 79-01 Broadway, 
Elmhurst, NY 11373. 


? Department of Pediatrics, City Hospital Center 
at Elmhurst and Mount Sinai Services, Mount Sinai 
School of Medicine, Elmhurst, NY 11373. 


AJR 147:593-595, September 1986 
0361-803X/86/1473-0593 
© American Roentgen Ray Society 


593 


The Air Bronchogram: 
Sonographic Demonstration 





A new sonographic pattern of pulmonary consolidation associated with air-filled 
bronchi in children is presented. The consolidated area of the lung is usvally hypoechoic, 
poorly defined, and wedge-shaped. The air-filled bronchi produce linear, high-amplitude 
branching echoes that converge toward the lung root. Posterior acoustic shadowing and 
reverberation artifacts are seen accompanying the proximal large bronchi. A comparative 
study is presented in which 30 pediatric patients with clinical and radiographic evidence 
of pneumonia were sonographically evaluated. Twenty-eight patients were successfully 
examined with sonography. The cases were divided into three groups: (1) consolidated 
lung without pleural effusion (19 patients); (2) consolidated lung wth small pleural 
effusion (five patients); and (3) consolidated lung with partial compression atelectasis 
due to large pleural effusion (four patients). 


Sonography has had limited application in the evaluation of lung d sease, because 
the normal lung and bony thorax present barriers to sound transmission. However, 
when the alveolar air is replaced by fluid, the normally aerated high’y reflective lung 
becomes hypoechoic with good sound transmission [1, 2]. The bronchi and air 
produce highly reflective linear echoes that stand out within the consolidated 
hypoechoic lung. This sonographic pattern is more easily identified with increased 
use of high-resolution real-time scanners. 

We present our experience with chest sonography in the evaluation of inflam- 
matory lung disease in children; and review some of the technica aspects of this 
technique. 


Materials and Methods 


Thirty pediatric patients, ranging in age from 6 months to 18 years, were studied. All had 
positive chest radiographs that were consistent with inflammatory lung cisease before the 
sonographic examination. Technically adequate studies were obtained in 28 patients without 
the use of sedation. In general, the patients were scanned in the supine position. The prone 
position was also used when the posterior lung segments were involved. Sitting and/or 
decubitus scanning was done when pleural effusion was present. The lower lobes were 
evaluated using the liver and spleen as acoustic windows [3, 4]. Parasternal, intercostal 
scanning was of value in the examination of the middle lobes, using the heart as a landmark. 
The upper lobes were visualized by scanning along the midaxillary lire or through the 
supraclavicular fossa. No suitable reference organ is present for the upper lobes. The linear 
nonpulsatile branching echoes of the air bronchogram enabled us to identify the diseased 
lung. The sonographic examinations were performed using production-model real-time scan- 
ners (Diasonics RA-1, Milpitas, CA, and Acuson [computed sonography] Mountain View, CA), 
linear array, and sector probes ranging from 3.5 to 5 MHz and 7 MHz. 


Results 


The sonographic diagnosis of lung consolidation was compatibie with the chest 


594 WEINBERG ET AL. 


radiographs in 28 of 30 patients studied. In two cases, the 
patients were under the age of 18 months, and motion 
artifacts and severe tachypnea interfered with the examina- 
tion. 

The findings in our patients could be grouped in three 
categories. . 

Consolidated lung without pleural effusion (19 patients).— 
The consolidated lung was hypoechoic in relation to the highly 
reflective normal surrounding lung. Strong nonpulsatile linear 
echoes caused by air-filled bronchi, were seen converging 
toward the root of the lung (Fig. 1). This linear pattern of 
bright echoes was observed when the scanning was parallel 
to the long axis of the bronchi. When the scanning was done 
at different angles, scattered echoes of variable lengths pro- 
duced by the air bronchogram were observed. Posterior 
reverberation artifacts and acoustic shadowing were seen 
related to the large proximal bronchi (Figs. 2 and 3). 

Consolidated lung with small pleural effusion (five pa- 
tients).—The characteristic sonographic picture of air bron- 
chogram was well demonstrated through the acoustic win- 
dow produced by the pleural fluid. Although hypoechoic, the 
consolidated lung could be differentiated from the hypoechoic- 
to-anechoic pleural effusion by the identification of the air 
bronchogram. The bright linear branching echoes could be 
followed to the lung periphery. This way the border between 
the pleural effusion and lung consolidation was clearly shown 
(Fig. 4). The chest sonography supplemented conventional 
chest radiographs and decubitus films, which often left doubt 
as to the underlying lung disease beneath the pleural effusion. 

Consolidated lung with partial compression atelectasis due 
to large pleural effusion (four patients).—In these patients, 
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Fig. 1.—Transverse prone scan of chest reveals a right-lower-lobe pneu- 
monia. Strong echogenic branching lines are seen converging toward root of 
lung. P = posterior, A = anterior, M = medial,L = lateral, r = ribs. Open arrow 
indicates air bronchogram. 

Fig. 2.—Transverse prone scan. Infiltrate in posterior-basal segment of left 
lower lobe demonstrates acoustic shadowing behind proximal air-filled bronchi. 
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the pleural effusion was voluminous, causing partial atelec- 
tasis of the consolidated lung. The sonographic picture of the 
air bronchogram was still present, but the partial collapse 
caused the bright linear echoes to be crowded together 
toward the lung root. Prominent acoustic shadowing and 
revereberation artifacts were observed behind the crowded 
proximal bronchi (Fig. 5). 


Discussion 


The consolidated lung is hypoechoic when compared with 
the highly reflective normal aerated lung. It is generally hypo- 
echoic in relation to the liver and spleen. The echogenicity of 
consolidated lung is between that of normal liver and pleural 
effusion [2]. 

The air-filled bronchi seen with lung consolidation on chest 
radiographs present a distinct sonographic pattern. The inter- 
face of the walls of the bronchi, the air within them, and the 
surrounding fluid-filled alveoli produces strong linear reflec- 
tions. 

Reverberations and acoustic shadowing were observed 
posterior to proximal bronchi. These artifacts have been 
described in the literature and are present when there is a 
Significant acoustic impedance difference between the object 
and the surroundings. Artifacts are more pronounced when 
the object is large, its surface is flat, and it is perpendicular 
to the sound beam [5, 6]. Lack of pulsation and posterior 
reverberation artifacts differentiated air-filled bronchi from the 
anechoic tubular pulmonary vessels [7]. 

High-resolution real-time sonography can be a confirmatory 
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P = posterior, A = anterior, M = medial, L = lateral, S = acoustic shadowing. 

Fig. 3.—Transverse supine scan of chest shows triangular-shaped infiltrate 
of right middle lobe. Areas of increased and decreased echogenicity seen within 
consolidated lung are due to necrotizing Klebsiella pneumonia. Bright echoes 
correspond with air bronchogram. A = anterior, P = posterior, H = heart, S = 
acoustic shadowing. 
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Fig. 4.—Transverse prene scan dem- 
onstrates air bronchogram of consoli- 
dated right lower lobe beneath pleural 
effusion. P = posterior, E = effusion. 


Fig. 5.—Supine transverse scan of 
partially collapsed right lower lobe. 
Crowded bronchi are seen accompanied 
by reverberation and acoustic shadowing 
(arrow). L = liver, E = effusion. 


and complementary study for evaluation of selected pediatric 
patients with pulmonary infiltrates. Sonography proved helpful 
in patients with pleura! effusion and equivocal decubitus plain 
films. In nine of our patients, the sonographic demonstration 
of an air bronchogram differentiated diseased lung from over- 
lying pleural effusion. Bright echoes of air-filled bronchi could 
be followed to the lung margin, differentiating pleural fluid 
from the comsolidated lung. In four cases of compression 
atelectasis, posterior acoustic shadowing and reverberations 
were very prominent. We postulate that this occurs because 
of the summation of the crowded large bronchi and the 
interface between the collapsed consolidated lung and the 
normally aerated lung. 

All of our patients had acute pneumonitis without coexisting 
chronic lung disease or predisposing congenital abnormality. 
Since the involved segment or lobe is often pleural-based, a 
superficial sonographic window can usually be found. In 
younger patients, the low mineral content of the bones makes 
transosseous scanning possible. Even in older children, the 
chest wall is thin and easy to approach [8, 9]. 

In all sonographic examinations, the quality of the study is 
operator dependent. In addition, problems related to tachyp- 
nea and motion artifacts with young, uncooperative children 
may prevent a satisfactory examination. In the less common 
round pneumonias, acoustic windows and landmarks may be 
difficult to find. 

High-resolution real-time sonography may find a useful 


place as a supplementary examination for the evaluation of, 


lung consolidation. The transducers are easy to handle, and 
scanning at different planes and angles is possible. In the 
chest, the higher-frequency transducers are used to differ- 
entiate solid from cystic lesions and to improve the near-field 
resolution [10, 11]. 
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The sonographic picture of air bronchogram, as described 
in our pediatric patients with proven inflammatory lung dis- 
ease, should be recognized by sonographers. Although chest 
sonography does not replace chest radiographs, it is a useful 
technique for imaging the consolidated lung in selected prob- 
lem cases. 
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Case Report 





Ischemic Hepatic Necrosis: A Cause of Fetal Liver 


Calcification 


Dan L. Nguyen' and Joe C. Leonard 


In the process of monitoring intrauterine pregnancies, high- 
resolution real-time sonography has resulted in the identifi- 
cation of hepatic calcifications in the fetus. To our knowledge, 
ischemic necrosis from vascular insufficiency has not been 
previously documented as one of the causes. The purpose of 
this paper is to report such a case, and to discuss its 
sonographic and radiographic signs and their usefulness in 
the differential diagnosis of hepatic calcifications. 





Fig. 1.—Transverse sonogram of fetal abdomen. Scat- 
tered calcifications with acoustic shadowing within liver 
(arrowheads); ascites (open arrow). 
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Case Report 


A 26-year-old white woman who had had no prenatal care pre- 
sented with premature rupture of the membranes at 21-22 weeks. 
A fetal sonogram performed 2 days later revealed oligohydramnios, 
fetal ascites, and multiple bright echoes with acoustic shadowing 
diffusely distributed within the liver (Fig. 1). There was no history of 
bleeding, infection, smoking, or drug abuse. A boy, delivered the 
following day after prostaglandin-induced labor, died shortly after 


Fig. 2.—Frontal (A) and lateral (B) radiographs of abdomen. Branching calcifications in entire liver. 
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birth owing to extreme prematurity. Postmortem radiographs (Fig. 2) 
showed multiple branching calcifications within the right and left lobes 
of the liver. Autopsy revealed pathologic changes of portal hyperten- 
sion and diffuse hepatic necrosis with multiple 1-5 mm foci of 
dystrophic calcification, predominantly centrilobular in character and 
suggesting an intrauterine vascular insult to the liver with resultant 
ischemic damage. No anatomic abnormalities of the vascular system 
were identified. There was no evidence of fetal infection, sepsis, or 
other associated anomaly. The immediate cause of death was cardi- 
orespiratory insufficiency secondary to prematurity. 


Discussion 


Calcifications in the fetal liver can be divided into three main 
categories according to location: peritoneal, parenchymal, and 
vascular [1]. Peritoneal hepatic calcifications present as cal- 
cified masses on the surface of the liver and can be seen in 
meconium peritonitis and plastic peritonitis due to ruptured 
hydrometrocolpos. The former is by far the most common 
cause of abdominal calcification and usually manifests as 
intraabdominal solid or cystic masses with calcified walls [2]. 
The latter is indistinguishable from meconium peritonitis un- 
less the fluid-filled dilated female internal genitalia are identi- 
fied [3]. Radiographs may show diffuse intraabdominal calci- 
fications, with or without liver involvement. 

Parenchymal hepatic calcifications include in utero infec- 
tions by varicella and the TORCH complex (toxoplasmosis, 
rubella, cytomegalovirus, and herpes simplex virus) [1, 4] and 
primary and metastatic tumors. Transplacental infections 
manifest as randomly scattered nodular areas of increased 
echoes or calcifications on sonography [4] and radiography 
[1] and are frequently associated with multiple congenital 
anomalies; multiorgan calcification is the rule. Tumors of the 
liver include hemangioma, hamartoma, hepatoblastoma, ter- 
atoma, and metastatic neuroblastoma; these usually present 
as a complex mass and may contain areas of increased 
echogenicity, with or without acoustic shadowing, to suggest 
calcification by sonography [5]. Radiographs may demon- 
strate focal calcifications in the right upper quadrant. 

Vascular hepatic calcifications may be seen in portal-vein 
thromboemboli and vascular insufficiency with ischemic in- 
farcts. Portal-vein thromboemboli calcifications are primarily 
subcapsular in nature and are confined to either the right or 
left lobe with a high frequency of associated anomalies [6, 
7]; this is probably secondary to necrosis occurring distal to 
the obstruction and to the peripheral distribution of thrombi 
and emboli in a vascular system with centrifugal blood flow. 
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Ischemic infarcts, however, are distributed throughout the 
liver and show no predilection for peripheral or lobar distri- 
bution, since the vascular insult is generalized to the entire 
portal system with no identifiable intravascular abnormality. 
The mechanism of ischemic hepatic calcification is unknown; 
it could be related to anemic shock in the fetus leading to 
infarction without secondary venous thrombosis, as seen with 
portal-vein thromboemboli. The prognosis of schemic hepatic 
necrosis in the fetus is not known. Radicgraphically, the 
involved areas follow the centrilobular arrangement of the 
portal system, and thus both entities may present as branch- 
ing calcifications [6, 7]; however, sonographc localization of 
peripheral calcification will suggest a portal-vein process while 
diffuse involvement will be seen with ischemic infarcts. 

In summary, the knowledge of the location and configura- 
tion of the hepatic calcifications and of the presence or 
absence of other associated lesions or anomalies is crucial to 
the differential diagnosis of hepatic calcifications. In most 
instances this is achieved with sonography and abdominal 
radiographs; the association of multiple anomalies suggests 
transplacental infection or portal-vein thromboemboli, while 
the demonstration of radiographic branching pattern and son- 
ographic scattered distribution of intrahepatic calcifications is 
likely to be seen in ischemic necrosis secondary to vascular 
insufficiency in the liver. 
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Case Report 





Cutaneous and Visceral Hemangiomata in the Klippel- 
Trenaunay-Weber Syndrome: Antenatal Sonographic 


Detection 


B. Douglas Lewis,’ Peter M. Doubilet,’ Vicki L. Heller,? Anthony Bierre,? and Frederick R. Bieber? 4 


The Klippel-Trenaunay-Weber (KTW) syndrome is a rare 
disorder that has as major manifestations vascular hamarto- 
mata and asymmetric limb hypertrophy [1]. In utero sono- 
graphic findings of subcutaneous lesions and limb hypertro- 
phy in KTW syndrome have been reported [2-4]. We have 
recently observed a case that differs from those previously 
reported in that there was very extensive fetal involvement 


Fig. 1.—Scans through fetal abdomen. 
A, Low transverse view demonstrates 
subcutaneous (curved arrow) and intraab- 
dominal (straight arrows) cysts. B, Higher 
transverse view demonstrates retroperi- 
toneal cyst (straight arrow) between spine 
and kidney, as well as subcutaneous 
cysts (curved arrows). 
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with multiple cutaneous and visceral hemangiomata and lym- 
phangiomata. 


Case Report 


A healthy 25-year-old, G3 P1011, white woman was referred for a 
sonographic examination to determine gestational age. Her last preg- 








This work was supported in part by grant K04-LM00085 from the National Library cf Medicine and grant MCJ-251003-01-0 from the Division of Maternal and 


Child Health, Department of Health and Human Services. 


' Department of Radiology, Brigham and Women’s Hospital, Harvard Medical Schoo, Boston, MA 02115. Address reprint requests to P. M. Doubilet, Dept. of 


Radiology, Brigham and Women's Hospital, 7% Francis St., Boston, MA 02115. 


* Department of Obstetrics and Gynecology, Brigham and Women's Hospital, Harvard Medical School, Boston, MA 02115. 
°? Department of Pathology, Brigham and Women’s Hospital, Harvard Medical School. Boston, MA 02115. 


* Children's Service, Massachusetts General Hospital, Boston, MA 02115. 


AJR 147:598-600, September 1986 0361-—803X/86/1473/0598 © American Roentgen Ray Society 


AJR:147, September 1986 








Fig. 3.—Parasagittal section of forearm demonstrates 
multiple subcutaneous cysts. 


nancy was uncomplicated and she delivered a healthy infant at term. 
There was no known family history of congenital abnormality, vascular 
disorders, or unusual complications of pregnancy. She was taking 
oral contraceptives until a urne pregnancy test was found to be 
positive. No other medication was used during the pregnancy. 

The scan revealed a single intrauterine pregnancy of 22 weeks 
gestational age based on biparietal diameter measurement. There 
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Fig. 2.—Scans through fetal thorax. 
A, Transverse view demonstrates two 
large subcutaneous cysts, one with a 
fluid-debris level (apen arrow) and one 
with diffuse low-level echoes (closed 
straight arrow). An intrathoracic cyst 
(curved arrow) with internal debris ts also 
present. B, Oblique sagittal view demon- 
strates two paracardiac intrathoracic 
cysts (straight arrows) adjacent to right 
ventricular outflow tract (curved arrow). 


Fig. 4.—Photograph of female fetus 
demonstrates extensive subcutaneous 
hamartomata, which correspond in loca- 
tion to those seen 3y sonography. 


was an anterior fundal placenta and the amniotic fluid volume was 
normal. The fetus had numerous multiloculated cystic lesions located 
subcutaneously in the abdomen (Fig. 1), left chest wall (Fig. 2), left 
forearm (Fig. 3), buttocks® and thighs. Cystic lesions were also 
visualized in the fetal abdomen and retroperitoneum (Fig. 1) and 
adjacent to the fetal heart (Fig. 2). Most of these lesions were 
anechoic, but some had diffuse low-level echoes and others contained 
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echogenic debris (Fig. 2). The head and cranial contents appeared 
normal. In view of the extensive fetal abnormalities, the patient chose 
to discontinue her pregnancy. 

The postmortem radiograph of the aborted fetus demonstrated no 
abnormalities involving the. axial skeleton or long bones. The fetus 
weighed 1240 g, with a crown-rump length of 24 cm. The sonographic 
findings were confirmed (Fig. 4). There were multiple cutaneous 
vascular hamartomata involving the chest wall, anterior abdominal 
wall, buttocks, left flank, right thigh, the flexor surfaces of both arms, 
and the extensor surfaces of the left arm. Visceral vascular hamar- 
tomata involved the retroperitoneal tissues, the right azygous vein, 
and the parietal pericardium. Histologically, the cutaneous and vis- 
ceral lesions were similar, with endothelial lined spaces varying from 
cavemous to capillary size, many containing erythrocytes and others 
containing fiuid consistent with lymph. The vascular spaces were 
surrounded by varying amounts of collagenous connective tissue. In 
addition, the interstitial lymphatics of the lungs, kidneys, and urinary 
bladder were dilated. There was overgrowth of the second toes of 
both feet. The brain and spinal cord were normal, with no evidence 
of calcification or vascular hamartomata. The eyes were cataractous 
with iris and choroidal vascular abnormalities. The placenta was 
histologically immature with focal vilous edema and weighed 310 g. 
No vascular hamartomata were identified. Chromosome analysis of 
preabortion amniotic fluid demonstrated normal female karyotype. 


Discussion 


Klippel and Trenaunay [5], and Weber [6] originally de- 
scribed a syndrome of cutaneous hemangiomata, lymphan- 
giomata, asymmetric limb hypertrophy, and arteriovenous 
fistulae. Other abnormalities reported include hemangiomata 
of the visceral organs, digit anomalies (macro-, syn-, poly-, or 
oligodactyly), macro- or microcephaly, visceromegaly, and 
hyperpigmented nevi. Bony overgrowth is a consistent feature 
of this disorder, but can be seen in a spectrum ranging from 
single-digit hypertrophy to fullblown hemihypertrophy. Such 
bony abnormalities do not necessarily involve the same side 
as the vascular lesions and may not develop until late in 
pregnancy or until childhood. The cause of the KTW syndrome 
is unknown and the severity of the phenotype is highly varia- 
ble. While there Is a spectrum of disorders with overlapping 
phenotype, the nosology and taxonomy are not complete 


in earlier reports of antenatally detected KTW syndrome, 
the sonographic findings included polyhydramnios and a mul- 
tiloculated cystic mass involving the anterior chest and ab- 
dominal walls [2], a complex mass involving the anterior chest 
wall and neck [3], and lower-extremity hemihypertrophy [4]. 
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The unique features seen in this fetus are the extensive 
cutaneous involvement and the intraabdominal, retroperito- 
neal, and intrathoracic vascular lesions. 

The antenatal differential diagnosis for such extensive son- 
ographically visualized cystic lesions in the fetus would include 
disorders such as cystic hygroma, disseminated hemangio- 
matosis, Turner's syndrome, familial nuchal bleb, and Maffuc- 
ci’s syndrome [8-11]. A key sonographic feature of the fetus 
reported here, suggesting the diagnosis of KTW syndrome, 
is the presence of both subcutaneous and visceral lesions. 
Furthermore, the varied internal echogenicity of the cysts 
suggests that they involve different vascular structures— 
hemangiomata and lymphangiomata—as seen in the KTW 
syndrome. The antenatal diagnosis of KTW could be made 
with greater certainty when bony overgrowth is documented 


by sonography. 

Prenatal recognition and evaluation of disorders such as 
this will allow patients and their physicians to make important 
family-planning decisions. 
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Diagnostic Value of Lung 
Uptake of Indium-111 Oxine- 
Labeled White Blood Cells 





One hundred sixty-two white-blood-cell scans were retrospectively reviewed to de- 
termine the sensitivity and specificity of the test for pulmonary and pleural infection. All 
scans were performed 18-24 hr after injection of indium-111 oxine-labeled autologous 
or donor cells. Pulmonary activity was graded on a scale of 0-4: 0 = equal to soft tissue; 
1 = greater than soft tissue but less than rib; 2 = equal or greater than rib but less than 
liver; 3 = equal or greater than liver but less than spleen; 4 = equal to spleen. Activity 
was also characterized as being focal or diffuse. The white-blood-cell scan findings 
were correlated with the clinical diagnosis on the basis of physical examination, labo- 
ratory results, chest radiographs, clinical course, and pathologic studies when available. 
As pulmonary activity increased from grade 1 to 4, sensitivity declined from 93% to 14% 
and specificity increased from 64% to 100%. The sensitivity and specificity of focal 
uptake were 31% and 89% vs 62% and 74% for diffuse pulmonary activity. Making a 
distinction between focal and diffuse activity did not improve the specificity of low 
grades of pulmonary activity. The white-blood-cell scan can be very sensitive or very 
specific for pulmonary or pleural infection, depending on the criteria selected for a 
positive scan. 


White-blood-cell (WBC) scanning has gained widespread acceptance as a good 
test for diagnosing acute pyogenic infection. The overall sensitivity and specificity 
of the test is in the range of 87% and 90% [1], respectively. The test is useful in 
the diagnosis of abscess [2], acute osteomyelitis [3], infected arthroplasties [4] 
and prosthetic vascular grafts [5], surgical wound infection [6], and almost any 
disease that causes focal accumulation of leukocytes. 

Despite extensive documentation of the accuracy of WBC scanning in these 
settings, very little has been published regarding the sensitivity and specificity of 
the test in pulmonary and pleural infection. One reason for this situation is that few 
scans are performed specifically for pulmonary infection since a chest radiograph 
and sputum culture are easy to obtain and are usually diagnostic. On the other 
hand, increased pulmonary activity is a common finding on WBC scans performed 
for extrathoracic disease. McAfee and Samin [7] observed pulmonary activity in 
14% of the scans they reviewed. In the series of Cook et al. [8], the frequency of 
this finding was 16%. Before undertaking this study, we reviewed the reports of 
all WBC scans performed at Stanford in 1984 and found that 28% were accom- 
panied by increased pulmonary activity. Afterward, we started a study to determine 
the diagnostic value of pulmonary uptake of labeled white blood cells. 


Materials and Methods 


The WBC scans of 145 patients studied in 1984 were retrospectively reviewed. There 
were 87 men and 58 women. The average age was 51 years (range, 18-84 years). One 
patient was scanned on three separate occasions, and 15 patients were scanned twice. 
Altogether there were 162 studies. Scans were performed 18-24 hr after injection of labeled 
cells. One hundred fifty-five studies were performed with autologous cells, and seven were 
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Fig. 1.—White-blood-cell scans performed 18-24 hr after injection of labeled 
cells. Anterior and posterior views demonstrating scale used to grade pulmo- 
nary activity. 0 = equal to soft tissue; 1 = greater than soft tissue but less than 
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performed with cells obtained from ABO-compatible donors. The 
radiopharmaceutical was In-111 oxine in all cases. Cells were labeled 
as previously described [2]. 

Scans were reviewed by both authors without knowledge of the 
clinical history or previous report. Pulmonary activity was character- 
ized as being absent or increased. If pulmonary activity was in- 
creased, the findings were noted as focal or diffuse. Focal activity 
was defined as single or multiple discrete areas smaller than one 
lung. Diffuse activity was defined as an area occupying at least one 
lung. Pulmonary activity was graded on a scale of 0-4, as follows: 0 
= equal to soft tissue; 1 = greater than soft tissue but less than rib; 
2 = equal or greater than rib but less than liver; 3 = equal or greater 
than liver but less than spleen; 4 = equal to spleen (Fig. 1). If the 
scan showed mixed findings (18 cases), the study was categorized 
according to the highest grade of activity observed. For example, a 
scan showing grade-2 focal activity in one lung and grade-3 diffuse 
activity in the other lung was categorized as showing grade-3 diffuse 
activity. Grading was done by consensus. 

Patients were followed for an average of 29.4 days (range, 1-159 
days). The diagnosis of infection was based on physical examination, 
laboratory evaluation, chest radiograph, clinical course, and patho- 
logic findings when available. The referring physician's diagnosis was 
accepted in equivocal situations. 


Results 


Table 1 shows the distribution of pulmonary findings on 
scans in all patients with and without pulmonary or pleural 
infection. Patients with grade-0 activity constitute the single 
largest group, and all but two were free of infection. One 
patient with a false-negative scan had pneumonia. The second 
patient had an empyema, although this diagnosis was uncer- 
tain and will be discussed in detail later (case 2). 

Most of the large group of patients with low grades (1 or 
2) of pulmonary activity were also free of infection. Making a 
distinction between focal and diffuse activity in this group did 
not improve specificity. Patients who had high-grade (3 or 4) 
pulmonary activity had a high likelihood of infection. Table 2 
lists the sensitivity, specificity, and accuracy of the WBC scan 
for pulmonary and pleural infection according to grade and 
pattern of activity. 

All studies performed with donor cells showed diffuse in- 
creased pulmonary activity. Excluding these patients from 
analysis did not significantly affect the overall sensitivity, 
specificity, or accuracy of the test because of the relatively 
small number of patients. 

Forty-eight positive scans were not due to infection, but 45 
of the 48 had grade-1 or grade-2 uptake. Roughly 25% of 
these patients had no acute pulmonary or pleural disease. 
Forty percent had atelectasis or sterile effusions. The nonin- 
fectious conditions associated with a positive scan are listed 
in Table 3. 

There were 27 positive scans attributable to infection. 
Twenty-one of those scans were associated with pneumonia, 
four were associated with pneumonia superimposed on adult 
respiratory distress syndrome (ARDS), and two were due to 
empyema. Infection was proven microbiologically in 23 cases, 
including four postmortem examinations and one open-lung 
biopsy. Two patients were considered to have true-positive 
scans without microbiologic confirmation. One patient had 


rib; 2 = equal or greater than rib but less than liver; 3 = equal or greater than 
liver but less than spleen; 4 = equal to spleen. 
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TABLE 1: Pulmonary Findings in 162 White Blood Cell Scans 
Performed with Autologous (or Donor) Cells 





Grade and Infection Infection 
Pattern Present Absent 

0 2 85 

1 Diffuse 3 19 (17 
Focal 0 5 

2 Diffuse 8 (1) Tay 
Focal 3 8 

3 Diffuse 4 (2)° 0 (2)? 
Focal 2 1 

4 Diffuse 0 0 
Focal 4 0 


a These studies were performed with donor cells. 


TABLE 2: Sensitivity, Specificity, and Accuracy of Lung Uptake 
of In-111 White Blood Cells in 162 Scans 





RN Sensitivity Specificity Accuracy 
Criteria (%) (%) (%) 

Grade 
0 = | 
1-4 = positive 93 64 69 
0-1 = ein 
2-4 = positive 83 83 83 
0-2 = sagao | 
3-4 = positive 41 98 88 
0-3 = negative | 
4 = positive 14 100 85 
Pattern 
0 or focal = negative 

Diffuse = positive 62 74 72 
0 or diffuse = negative 

Focal = positive 31 89 79 


TABLE 3: Noninfectious Conditions Associated with a Positive 
Scan’ 


Atelectasis and/or sterile effusion 19 
No acute pulmonary disease 13 
Increased interstitial markings 4 
Congestive heart failure 4 
Tumor 3 
Pulmonary hemorrhage/bloody effusion 2 
Pleuritis 1 
Pulmonary infarction 1 
Unknown 1 


8 48 patients were scanned. 


acute myelogenous leukemia and was neutropenic. He de- 
veloped bilateral infiltrates on chest radiograph, which re- 
solved with antibiotics. A second patient with fever developed 
bibasilar infiltrates and pleural effusion on chest radiograph 
after open-heart surgery. Because of the presence of cold 
agglutinins, a diagnosis of mycoplasma pneumonia was made 
and the patient responded to erythromycin. Table 4 lists the 
organisms isolated from the 23 patients with documented 
infection associated with a positive scan. 

Results of the WBC scan were also correlated with radi- 
ographic findings in the 149 cases in which an official reading 
was available. Chest radiographs were obtained within 0-11 
days of the WBC scan (mean, 1.7 days). The findings are 
summarized in Table 5. 

The following case reports are illustrative of some of the 
advantages and limitations of the WBC scan in the diagnosis 
of pulmonary or pleural infection. 
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Case Reports 
Case 1 

A 30-year-old heart transplant recipient had persistent postopera- 
tive fever. A WBC scan performed 17 days after surgery showed a 
focal area of grade-4 activity in the lower left lung posteriorly (Fig. 
2B). The chest radiograph was clear, but tomograms of the lungs 
showed a nodular infiltrate corresponding to the abnormality on the 
WBC scan (Fig. 2A). Transtracheal aspirate was positive for Asper- 
gillus. The patient was treated with amphotericin and improved. A 
second WBC scan done 3 weeks after the first one showed resolution 
of the pulmonary abnormality. He was clinically well at this time. 
(Note: The WBC scan will occasionally show signs of infection not 
apparent on chest radiograph.) 


Case 2 

A 45-year-old woman had a right upper lobectomy for an arterio- 
venous malformation. Postoperatively she developed a temperature 
to 39°C and her chest radiograph showed air-fluid levels in the right 
apex (Fig. 3A). Sterile blood was obtained on thoracentesis. The 
WBC scan was entirely normal (Fig. 3B). She went to surgery the 
same day and an “empyema” was found at the right apex. However, 
gram stain of the fluid showed necrotic debris without leukocytes. 
Culture was positive for Escherichia coli. She was treated with 
antibiotics and recovered. (Note: In our experience, a false-negative 
WBC scan is very rare and requires careful reevaluation of the clinical 
diagnosis.) 


Case 3 

A 68-year-old woman had a mitral-valve replacement and persist- 
ent postoperative congestive heart failure (Fig. 4A). A WBC scan was 
requested for suspected mediastinitis. No evidence of mediastinitis 
was seen on scan, but diffuse increased pulmonary activity was 
noted (Fig. 4B). Sputum and pleural fluid cultures were negative. The 
patient slowly recovered with continued diuresis. (Note: Pulmonary 
sequestration of labeled white blood cells can be seen in a variety of 
noninfectious conditions.) 


Discussion 


Pulmonary uptake of labeled white blood cells is a normal 
occurrence within 4 hr of injection. It is uncertain whether this 
represents physiologic margination or sequestration caused 
by physical and chemical damage during cell labeling. Per- 
sistent pulmonary activity at 18-24 hr has been considered 
abnormal, although recently this has been disputed [8]. 

Forstrom et al. [9] reported 65 cases of labeled white- 
blood-cell uptake in the lung in a retrospective review of 991 
studies. Sensitivity, specificity, and accuracy for infection 
were 89%, 46%, and 83%, respectively. 

Cook et al. [8] retrospectively reviewed 306 WBC scans 
and found 48 studies positive for pulmonary uptake. Fifty-two 
percent of the studies showing focal uptake were associated 
with infection as opposed to only 10% showing diffuse activ- 
ity. No pulmonary disease was demonstrable in 22% of the 
false-positive scans. The other false-positive studies were 
associated with atelectasis, congestive heart failure, adult 
respiratory distress syndrome, aspiration, embolism, and tu- 
mor. 

McAfee and Samin [7] found 13 cases of localized pulmo- 
nary activity and nine cases of diffuse pulmonary activity in 
their retrospective review of 154 WBC scans. All patients 
with focal findings (but only one with diffuse activity) had 
underlying pulmonary or pleural infection. False-positive scans 
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TABLE 4: Organisms Isolated from Patients with Documented Infection and Positive White- 


Blood-Cell Scans 








Diagnosis Organism Source 
Pneumonia Aspergillus Transtracheal aspirate 
Pneumonia Enterococcus, Serratia Endotracheal aspirate, post- 
mortem examination 

Pneumonia Pseudomonas Endotracheal aspirate 

Pneumonia’ Hemophilus, Enterobacter Sputum, postmortem exami- 
nation 

Pneumonia Hemophilus, Enterobacter, Candida Sputum 

Pneumonia Hemophilus Sputum 

Pneumonia Pseudomonas Sputum 

Pneumonia Proteus Sputum 

Pneumonia Pseudomonas Sputum 

Pneumonia Pseudomonas Transtracheal aspirate 

Pneumonia Cytomegalovirus Open-lung biopsy, postmortem 
examination 

Pneumonia Klebsiella Sputum 

Pneumonia Pseudomonas Sputum 

Pneumonia Enterococcus Sputum 

Pneumonia Candida Sputum 

Pneumonia Enterococcus Sputum 

Pneumonia Legionella Transtracheal aspirate 

ARDS Pseudomonas Sputum 

ARDS Klebsiella, Enterobacter, Pseudo- Sputum 

monas 

ARDS Enterobacter, Pseudomonas Sputum 

ARDS Candida Postmortem examination 

Empyema Staphylococcus Pleural fluid 

Empyema Enterococcus Pleural fluid 


Note.—23 patients were scanned. ARDS = adult respiratory distress syndrome. 


3 Scanned on two separate occasions. 


TABLE 5: Comparison of Scintigraphic and Radiographic 
Pulmonary Parenchymal and Pleural Abnormalities 





Chest Radiograph 








WBC Scan 
Normal Abnormal 
True Negative 23 52 
False Negative 0 2 
True Positive (grade, pattern) 
1 Diffuse 0 3 
Focal 0 0 
2 Diffuse 0 9 
Focal 0 3 
3 Diffuse 0 6 
Focal 0 2 
4 Diffuse 0 0 
Focal 1 3 
False Positive (grade, pattern) 
1 Diffuse 5 12 
Focal 0 5 
2 Diffuse 3 9 
Focal 1 7 
3 Diffuse 0 2 
Focal 0 1 
4 Diffuse 0 0 
Focal 0 0 





Note.—A total of 149 patients were examined. WBC = white blood cell. 


were seen after cardiopulmonary resuscitation and radiation 
therapy, as well as in congestive heart failure, uremia, We- 
gener’s granulomatosis, and acute lymphocytic leukemia. 
One patient had no identifiable cayise for the pulmonary 
findings. 

Cook et al. [8] and McAfee and Samin [7] did not state 
their criteria for a positive scan. However, both groups found 


that focal pulmonary uptake of labeled white blood cells had 
a significantly higher positive predictive value for infection 
than did diffuse activity. 

Our findings indicate that the positive predictive value for 
infection of focal pulmonary activity is only slightly higher than 
the positive predictive value of diffuse pulmonary activity (10/ 
24 or 42% vs 17/51 or 33%). However, the positive predictive 
value of the test increases significantly with increasing grade 
of white-cell uptake. Pulmonary or pleural infection was only 
present in 15 (25%) of 60 patients with grade-1 or grade-2 
activity, whereas 12 (80%) of 15 patients with grade-3 or 
grade-4 activity had infection. 

Sensitivity and specificity also depend on the criteria se- 
lected for a positive scan. As seen in Table 2, sensitivity 
declines from 93% to 14% and specificity climbs from 64% 
to 100% as pulmonary activity increases from grade 1 to 4. 
For focal vs diffuse activity, sensitivity is 31% vs 62% and 
specificity is 89% vs 74%. Therefore, making a distinction 
between focal and diffuse activity does not improve the 
specificity of low grades of pulmonary activity. 

A normal WBC scan excludes pulmonary or pleural infection 
with a high level of confidence, even with an abnormal chest 
radiograph. There were only two false-negative WBC scans 
among 54 cases with abnormal radiographs. Similarly, a 
normal chest radiograph excludes pulmonary or pleural infec- 
tion with a high degree of accuracy, even with an abnormal 
WBC scan. The only false-negative chest radiograph among 
33 normal studies was the patient described in case 1. 

In patients without lung or pleural disease, diffuse pulmo- 
nary uptake of labeled white blood cells could be due to 
prolonged sequestration of cells damaged during labeling. 
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Fig. 2.—Case 1. A, Lung tomogram demonstrating a nodular infiltrate in lett 
lower lobe (arrow) that corresponds to abnormality seen on white-blood-cell 
(WBC) scan. B, WBC sean, posterior view. Arrow points to a focal area of 





A 


grade-4 activity at base of left lung due to an Aspergilloma. After 3 weeks of 
amphotericin, patient felt well and scan reverted to normal. 





Fig. 3.—Case 2. A, Chest radiograph after right upper lobectomy showing air-fluid levels in right apex. B, Normal white-blood-cell scan, anterior view, obtained 


shortly after chest radiograph. 


White blood cells labeled in saline with In-111 oxine are 
retained in the lungs for up to 4 hr, whereas cells labeled in 
plasma using In-111 tropolone are retained in the lungs for 
less than 30 min [10]. The difference may be due to mechan- 
ical factors as well as isolation from plasma. Heat-damaged 
cells have been shown to remain in the lungs for several 
hours [11]. Focal pulmonary activity caused by the emboli- 
zation of cell aggregates formed during the labeling process 
is a well-known problem [8, 12]. 

A number of illnesses are associated with functional 


changes in the reticuloendothelial system, resulting in migra- 
tion of phagocytic cells to the lungs as well as recruitment of 
alveolar macrophages. Increased pulmonary uptake of colloid 
on liver-spleen scan is frequently seen in these situations [13, 
14]. Migration of labeled macrophages to the lungs and 
enhanced pulmonary clearance of damaged labeled cells may 
occur in a similar manner. 

Increased pulmonary activity also results from activation of 
the complement pathway in certain situations. The C5a com- 
ponent of complement results in the formation of microaggre- 
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Fig. 4.—Case 3. A, Chest radiograph after mitral-valve replacement showing pulmonary edema due to congestive heart failure. B, White-blood-cell scan, anterior 
view, obtained shortly after chest radiograph shows diffuse grade-2 pulmonary activity. 


gates of leukocytes that lodge in the pulmonary circulation 
and may be responsible for the increased capillary permea- 
bility seen in the adult respiratory distress syndrome [15]. 

Bleeding into the lung or pleural space shortly after injection 
of labeled cells can also cause a false-positive scan. 

The WBC scan can be very useful in detecting infection of 
the lung or pleura. The major limitation of the test is that 
minimal-to-moderate increases in pulmonary activity can be 
seen in patients without infectious disease. However, criteria 
can be selected to maximize sensitivity or specificity. Char- 
acterizing pulmonary activity according to grade is more 
helpful than characterizing it according to pattern. Pulmonary 
activity equal to or less than soft-tissue activity excludes 
infection with a high degree of certainty. Pulmonary activity 
equal to or greater than liver activity is very specific for 
infection. 
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Gallium Scintigraphy in the 
Detection of Amiodarone 
Lung Toxicity 





Fourteen gallium scans were obtained in 11 patients suspected of having amiodarone 
lung toxicity on the basis of clinical findings, pulmonary function tests, and chest 
radiographs. All 11 patients had abnormal scans. Gallium accumulates in various 
inflammatory and neoplastic lesions, but despite this nonspecificity, the findings suggest 
gallium scintigraphy is a useful procedure to detect amiodarone lung toxicity when used 
in the appropriate clinical setting. 


Amiodarone, an iodinated benzofuran derivative, has been used in the treatment 
of tacharrythmias and angina in Western Europe for more than 20 years, but has 
only recently been introduced in the United States [1]. As experience with this drug 
increases, more side effects and complications are being encountered [2]. Accord- 
ing to Raeder et al. [2], side effects range from minor ones such as fatique and 
hair loss to the life-threatening complication of pulmonary toxicity. 

Gallium has been shown to accumulate in neoplasms and inflammatory lesions 
[3]. The intensity of pulmonary activity on gallium scintigraphy has been found to 
correlate with the degree of alveolitis of interstitial lung diseases [4, 5]. Since the 
pulmonary toxicity of amiodarone is also a form of inflammatory alveolitis and 
interstitial lung disease, gallium imaging may be useful in the early detection of this 
pulmonary complication. We present here our preliminary observations on the use 
of gallium scintigraphy for the detection of amiodarone lung toxicity. 


Case Reports 


Gallium scans were obtained in 11 patients who had been taking 400 or more mg of 
amiodarone a day for more than 3 months. All were suspected of having pulmonary toxicity 
because of abnormal chest radiographs or pulmonary function tests and because of the 
presence of such symptoms as cough, dyspnea, chest pain, and fever. Gallium scintigrams 
of the total body or chest were obtained 24, 48, and occasionally 72 hr efter IV injection of 5 
mCi (185 MBq) of gallium-67 citrate. The intensity of pulmonary gallium uptake was compared 
with liver activity on the scans on a scale of 0-4 plus signs as: 4+, pulmonary activity more 
intense than liver; 3+, equal to that of liver; 2+, less than that of liver; 1+, equivocal; and 0, 
normal. 

Fourteen scans were obtained in 11 patients, three of whom had repeat gallium scans 7, 
10, and 14 days after treatment for pulmonary toxicity, which consisted of withdrawal of 
amiodarone and administration of steroids. Nine patients underwent pulmonary function tests 
and six had lung biopsy. All had chest radiographs. 


Results 


Gallium scans were abnormal in all 11 patients, showing 2—4— activity that was 
either focal or diffuse. Chest radiographs were abnormal in 10 patients. In five, the 
radiographs were compatible with pulmonary edema. In the five remaining patients, 
abnormal chest radiographs showed patchy infiltration. The single patient who had 


608 MOINUDDIN AND ROCKETT 


a normal chest radiograph had a gallium scintigram showing 
3+ gallium activity in the lungs and a diffusion capacity for 
carbon monoxide of 54%. Diffusion capacity for carbon mon- 
oxide was done in nine patients and was abnormal in seven. 

Biopsy was performed in six patients (two open and four 
through a bronchoscope). Histology showed features of amio- 
darone pneumopathy consisting of alveolar damage, infiltra- 
tion of type-II pneumocyte, foamy macrophages, and patchy 
fibrosis. Neoplasm, infection, and vasculitis were excluded. 
All but one of the patients did well after withdrawal of amio- 
darone and treatment with prednisone. This patient subse- 
quently died of staphylococcal pneumonia several weeks after 
the gallium scan. 


Discussion 


Increasing numbers of complications resulting from amio- 
darone treatment are being reported in the United States as 
more institutions are using this drug [2]. Amiodarone lung 
toxicity was first described by Rotmensch et al. [6] in 1980. 
Since then, many studies have confirmed the connection 
between pneumopathy and amiodarone treatment, and the 
frequency of this complication is reported to be as high as 
18% [7]. Indeed, pneumopathy is one of the most serious 
complications associated with amiodarone, and several 
deaths have already been reported [2]. 

Neither the clinical findings nor any laboratory test is specific 
for this complication. A high index of suspicion along with 
supporting laboratory data are needed for its diagnosis [6- 
10]. Biopsy is performed mainly to rule out other diseases, 
such as infections, malignancies, and collagen vascular dis- 
eases, although the histologic characteristics may show fea- 
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tures suggestive of amiodarone lung toxicity. These include 
the presence of foamy macrophages, type-I! pneumocytes, 
alveolar damage, and patchy fibrosis. 

The findings on gallium scans have been described as 
diffuse, patchy, or focal [8], and in our patients all three 
patterns were observed. The exact mechanisms whereby 
gallium accumulates in these lesions are not definitely known, 
but several possibilities have been suggested; one is that 
gallium may have a chemical affinity for the lactoferrin in 
inflammations, another is that there may be a leakage of 
gallium at the site of the lesion as a result of changes in the 
permeability of cell membranes or blood vessels, and a third 
is that gallium may become localized in inflammatory cells 
[11]. 

Chest radiographs in reported cases have all been abnormal 
in amiodarone lung toxicity [1, 2, 6-8]. In our series, one 
patient had a negative chest radiograph but a 3+ positive 
gallium scan (Fig. 1). When the chest radiograph was abnor- 
mal, the findings suggested pulmonary vascular congestion 
in five patients and patchy infiltrates in five patients. Olson et 
al. [7] have also experienced difficulties in diagnosing amio- 
darone lung toxicity radiographically when the chest radi- 
ographs showed pulmonary edema. Gallium scans were use- 
ful in this situation, because they were normal in pulmonary 
edema [10]. 

The earliest signs of improvement noted on follow-up gal- 
lium images in our series occurred 7 days after withdrawal of 
amiodarone and at the beginning of prednisone therapy (Fig. 
2). It is possible that changes may occur even earlier, but we 
had no cases in which the scan was repeated less than 7 
days after withdrawal. In five patients, both chest radiographs 
and gallium scans were positive. 


Fig. 1.—80-year-old patient with amio- 
darone lung toxicity. A, Chest radiograph 
shows cardiomegaly and a small right- 
lower-lobe infiltrate. B, Gallium scintigra- 
phy shows 3+ activity in both lungs. Fol- 
low-up scan 10 days later was normal. 


AJR:147, September 1986 AMIODARONE LUNG TOXICITY 609 


REFERENCES 


1. Sobol SM, Rakita L. Pneumonitis and pulmonary fibrosis asso- 
ciated with amiodarone treatment: a possibie complication of a 
new antiarrhythmic drug. Circulation 1982;65 :819-824 

2. Raeder EA, Podrid PJ, Lown B. Side effects and complications 
of amiodarone therapy. Am Heart J 1985;109:975-983 

3. Hoffer P. Gallium and infection. J Nuc! Med 1980;21:484—488 

4. Crystal RG, Bitterman PB, Rennard SI, Hance AJ, Keough BA. 
Interstitial lung diseases of unknown cause. Disorders charac- 
terized by chronic inflammation of the lower respiratory tract. N 
Engl J Med 1984;310:154-166 

5. Crystal RG, Gadek JE, Ferrans VJ, Fulmer JD, Line BR, Hun- 
ninghake GW. Interstitial lung disease: current concepts of path- 
ogenesis, staging and therapy. Am J Med 1981;70:542-568 

6. Rotmensch HH, Liron M, Tupilski M, Laniado S. Possible asso- 
ciation of pneumonitis with amiodarone therapy. Am Heart J 
1980;100:412-413 

7. Olson LK, Forrest JV, Friedman PJ, Kiser PE, Henschke Cl. 
Pneumonitis after amiodarone therapy. Radiology 1984; 
150:327-330 

8. Van Rooij WJ, Van der Meer SC, Van Royen EA, Van Zandwijk 


Fig. 2.—64-year-old patient with amiodarone lung toxicity. A, Gallium scan N, Darmanata JI. Pulmonary gallium-67 uptake in amiodarone 
shows 4+ activity in right upper lung and 2+ activity in left upper lung. B, Scan a a, 
done 7 days after withdrawal of amiodarone and at beginning prednisone pneumonitis. J Nucl Med 1984;25:21 1-213 
therapy is normal. 9. Van Rooij WJ. Pneumonitis after amiodarone therapy (Letter). 


Radiology 1985;154:260 
10. Dake MD, Hattner R, Warnock ML, Golden JA. Gallium-67 lung 





All but one of our patients did well after amiodarone treat- uptake associated with amiodarone pulmonary toxicity. Am Heart 
ment was terminated and steroids were given, and that J 1985:109:1114-1116 
patient died of staphylococcal pneumonia secondary to amio- 11. Tsan M. Mechanism of gallium-67 accumulation in inflammatory 


darone lung toxicity. lesions. J Nucl Med 1985;26:88-92 


610 


Case Report 





Demonstration of a Cold Abscess by Gallium-67 Imaging in 


a Patient with Job Syndrome 


Diego Jaramillo’ and E. Edmund Kim 


The association of recurrent superficial and sinopulmonary 
infections with increased serum IgE and abnormal neutrophil 
function is known as Job, Buckley, or hyperimmunoglobuli- 
nemia E syndrome. One of the characteristic features of this 
syndrome is the development of subcutaneous staphylococ- 
cal abscesses with minimal local inflammatory signs (“cold” 
abscesses) that are confused with tumoral lesions or cysts 
[1, 2]. We have encountered a patient with Job syndrome 
and an axillary mass in which the radiologic evaluation led to 
a diagnosis of inflammatory lesion. To the best of our knowl- 
edge, the radiologic characteristics of superficial pyogenic 
infections in immunodeficient patients have not been de- 
scribed. We wish to present our case demonstrating positive 
Ga-67 imaging for the “cold” abscess. 


Case Report 


A 4-month-old black boy with a history of two previous episodes 
of otitis media presented with a 3-day history of fever and a swelling 
in the left axillary region. The perinatal and family history were 
unremarkable. The physical examination revealed a 4-cm nonfluc- 
tuant mass extending from the left axillary region to the anterior chest 
wall without evidence of local increased temperature or erythema. 

A chest radiograph was significant for the axillary soft-tissue mass 
but did not show any skeletal abnormalities. A CT scan of the chest 
(Fig. 1) demonstrated a 3.5 x 3.5 cm low-density area involving the 
left lateral chest wall within the wall musculature without intralesional 
gas. A gallium scan performed with 1 mCi (37 MBq) of Ga-67 citrate 
demonstrated an abnormal accumulation of radionuclide in the left 
axilla (Fig. 2). Although the radiologic findings favored an abscess, a 
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Fg. 1.—CT scan of chest with IV contrast material shows low-density (18- 
22 H) lesion (asterisk) in chest wall musculature near left axillary region. 


biopsy was undertaken owing to the paucity of local inflammatory 
reaction; purulent material was obtained that grew Staphylococcus 
aureus. 

An evaluation of the patient's immunologic status revealed a 
markedly increased IgE (>2000 IU/ml; normal = 0-138) and normal 
levels of the other immunoglobulins; results of purified protein deriv- 
ative, latex agglutination, and nitroblue tetrazolium tests were nega- 
tive. 
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Fig. 2.—Anterior and posterior whole-body images obtained 24 hr after 
administration of 1 mCi (37 MBq) Ga-67 citrate show abnormal uptake of 
radionuclide in left axilla (arrows) corresponding to palpable mass. No other 
abnormality is noted. 


After drainage of the collection, the patient received antibiotic 
therapy with nafcillin and his fever resolved. He was discharged in 
good condition. 


Discussion 


Patients with Job syndrome present in early infancy with 
recurrent infections involving the skin and subcutaneous tis- 
sues, chronic eczematoid dermatitis, pneumonias with cyst 
formation, otitis, and sinusitis. A characteristic coarse facies 
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and skeletal abnormalities (osteoporosis, recurrent fractures, 
arthritis) have also been described [3]. The syndrome is seen 
in children of both sexes and there is no clear evidence of 
genetic transmission or racial predominance. Although the 
pathogenesis is not clear, it appears that elevated levels of 
IgE (>2000 IU/ml) impair granulocyte functon. Variable de- 
creased chemotactic responsiveness predisposes to the de- 
velopment of repeated infections. 

The finding of a mass with paucity of local signs of inflam- 
mation is an interesting manifestation of the abnormal immu- 
nologic response in Job syndrome. In this case, although the 
abnormal accumulation of Ga-67 in the chest wall could 
represent either an abscess or a tumor, botn the Ga-67 and 
the CT scans were helpful in suggesting an inflammatory 
process by excluding associated lesions ard local invasive- 
ness. 

Ga-67 citrate is bound in the blood to transferrin and 
normally localizes within the liver, kidneys, bone marrow, and 
spleen. Its localization in inflammatory lesicns is thought to 
be related to the behavior of neutrophilic leukocytes. In ab- 
scesses, gallium has been found in associaton with granulo- 
cytes, microorganisms, and cellular and bacterial debris [4]. 
Hoffer [5] pointed to the high concentration of lactoferrin in 
neutrophils and its presence in abscesses. Our understanding 
of gallium accumulation in inflammatory lesions or tumors is 
incomplete [6]. Nevertheless, the present case suggests that 
gallium imaging is helpful in identifying a cold subcutaneous 
abscess in a patient with Job syndrome. 
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IV and Intraarterial Hybrid 
Digital Subtraction 
Angiography: Clinical Evaluation 





Temporal/energy (hybrid) subtraction is a technique for removing soft-tissue motion 
artifact from digital subtraction angiograms. The diagnostic utility of hybrid subtraction 
for IV and intraarterial angiography was assessed in the first 9 months of operation of 
a dedicated production system. In IV carotid arteriography (N = 127), hybrid subtraction 
(H) provided a double-profile projection of the carotid bifurcation in an additional 14% 
of studies, compared with temporal subtraction (T) alone (H79:T48, p < 0.001). However, 
a change in estimated percent stenosis or additional diagnostic information occurred in 
only 2% of studies. In IV abdominal arteriography (N = 23), hybrid subtraction, compared 
with temporal subtraction, provided a diagnostic examination in an additional 14% of 
studies (H20:T17); however, this difference is not statistically significant. An additional 
three IV abdominal angiograms were nondiagnostic. In intraarterial abdominal (N = 98) 
and pelvic (N = 60) angiography, hybrid subtraction provided a diagmostic examination 
in an additional 5% of studies (abdomen H94:T90, pelvis H58:T56): this difference was 
not statistically significant. An additional 5% of all intraarterial abdominal and pelvic 
digital subtraction angiographic studies were considered nondiagnostic. Hybrid subtrac- 
tion provides a double-profile view of the carotid bifurcation in a significant number of 
patients. However, apart from some potential for improved IV abdominal arteriography, 
hybrid subtraction does not result in significant improvement in comparison to conven- 
tional temporal-subtraction techniques. 


Combined temporal/energy (hybrid subtraction) is a technique that substantially 
removes soft-tissue motion artifacts from digital subtraction angiography (DSA) 
images. The development of hybrid subtraction using a dual-energy technique and 
its first clinical implementation have been described in several recent publications 
[1-5]. 

A DSA system with hybrid subtraction capability, using a digital disk and 
dedicated console, was installed at the Medical College of Wisconsin in September 
1984. After 9 months’ operation we clinically evaluated the Gevice for IV and 
intraarterial angiography of the neck, thoracic aorta, and abdomen. 


Materials and Methods 


IV and intraarterial DSA studies were obtained for the extracranial carotid, the aortic arch, 
and the aortorenal and aortoiliac circulations. The examinations were perormed on a system 
employing a 30-, 22-, 15-cm trimodal image intensifier, a 10-bit analog-to-digital converter, 
and a 512 x 512 image display matrix (General Electric Medical Systems, Milwaukee). The 
clinical indications for IV aortic arch and carotid arteriography (N = 65) were suspected 
extracranial carotid artery disease with nonfocal neurologic findings (44) and focal neurologic 
deficit (21). For intraarterial aortic arch angiography (N = 11), indications were trauma (4), 
suspected cerebrovascular disease (5), and thoracoabdominal aneurysm (2). For IV abdominal 
arteriography (N = 23), indications were suspected renovascular hypertension (22) and 
evaluation of aortorenal graft (1). Clinical indications for intraarterial abdominal and pelvic 
arteriography (N = 98) were peripheral vascular disease (62), abdominal aortic aneurysm (11), 
suspected renovascular hypertension (6), and miscellaneous conditions (19). (See Table 1). 
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TABLE 1: Patient Population 
SSS a ee es ey 














No. Patients Male/Female 
(by study type)? Age (by study type)? 
(decade) 

1 2 3 4 1 2 3 4 
—- — 1 1 2nd — — 1/0 0/1 
— 2 2 3 3rd — 2/0 0/2 3/0 
— 2 5 7 4th — 1/1 3/2 6/1 
— — 1 6 5th -— — 1/0 6/0 
19 — — 22 6th 11/8 — — 18/4 
20 4 So 25 7th 9/11 3/1 2/1 12/13 
Ww 2 1 26 8th 7/10 02 on IR 

9 — — 8 9th 2/7 — — 5/3 
— 1 — — 10th — 1/0 — — 


Note.—Dash indicates no patients in that category. 

* Type of study. 1 = IV aortic arch and carotid arteriography (in 65 IV carotid arteriograms, 
the ability of the temporal and hybrid technique to profile each carotid bifurcation in one or 
two oblique projections could be evaluated in 127 instances). 2 = intraarterial aortic arch 
angiography. 3 = IV abdominal arteriography (23 separate injections were performed in 13 
patients). 4 = intraarterial abdominal arteriography. 


During acquisition in the combined temporal/energy (hybrid) mode, 
two beam energies (70-80 kVp and 130 kVp) with different tube 
currents and beam filtrations are rapidly alternated by microprocessor 
control to provide two different data sets: a conventional temporal 
subtraction sequence, using the low kilovoltage images; and an 
optional second-order hybrid sequence, using both the low and high 
kilovoltage images. Conventional single-energy temporal-subtraction 
images are displayed on-line. The hybrid subtraction images are 
available as a reprocessing option [3-5]. 

Because the two beam energies are separated by an obligatory 
33-msec video readout of the low energy signal, the total exposure 
time for the composite hybrid acquisition is 80-90% greater than for 
single-energy temporal-subtraction techniques alone. The signal-to- 
noise ratio of hybrid images is approximately half that of single-energy 
temporal images. Consequently, in the hybrid postprocessing mode, 
image integration (video-frame averaging) of precontrast and post- 
contrast images can be used to improve signal-to-noise ratio and 
image quality. For most IV studies, two to four precontrast and two 
to four postcontrast images were integrated. 

Extracranial carotid artery examinations were performed using 
bilateral 45° oblique beam angulation. For each oblique projection, 
the head and neck were rotated an additional 30° to the contralateral 
side, using a calibrated headholder to provide the required amount 
of rotation. With an air-gap magnification technique, a focus-to- 
intensifier distance of 90 cm, and a small focal spot (0.3 cm), the 22- 
cm mode of the intensifier was used for the initial imaging sequence 
in which the carotid artery supplying the nonsymptomatic hemisphere 
was projected over the cervical spine. For the second imaging se- 
quence, the carotid bifurcation supplying the symptomatic cerebral 
hemisphere was projected over the cervical spine, and the 15-cm 
mode of the intensifier using an air-gap magnification technique was 
employed. The carotid bifurcation projected over the cervical spine in 
an oblique projection is referred to as the ipsilateral bifurcation: the 
opposite bifurcation projected over the larynx is the contralateral 
bifurcation. The aim of each oblique projection was to obtain a profile 
view of one or both carotid bifurcations. A profile view was defined 
as one in which the proximal 3 cm of the internal carotid and external 
carotid arteries could be identified as separate, tubular structures. If, 
because of vertebral artery overlay, 45° gblique neck images did not 
provide satisfactory profile views of the ipsilateral carotid bifurcations, 
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an additional oblique image with a 10-20° different angulation was 
obtained. 

For each imaging sequence, a 30-ml bolus of diatrizoate 76% was 
injected into the vena cava at 25 ml/sec through a 5-French catheter. 
Images were recorded at a frame rate of two/sec using a phototimed 
radiation dose of 1 mR per exposure (0.258 uC/kg per exposure) 
(22-cm mode) and 2 mR per exposure (0.516 „C/kg per exposure) 
(15-cm mode), incident on the face of the image intensifier. 

Images of the aortic arch and major brachiocephalic arteries were 
obtained using a 45° left anterior oblique projection and the same 
contrast injection techique as described previously. The 22-cm mode 
of the intensifier was used with a “grid-in” non-air-gap technique at 
1 mR per exposure (0.258 „C/kg per exposure), incident on the face 
of the image intensifier. Acquisition rate was two frames/sec. 

Aortic arch imaging performed by intraarterial injection used the 
same projection, field of view, frame rate, and radiation dose as IV 
studies. A 36-ml bolus of 30% diatrizoate was injected at 18 ml/sec 
through a 5-French pigtail catheter. 

For IV abdominal DSA studies, the 30-cm mode of the intensifier 
in the frontal projection at a frame rate of two/sec at 0.5 mR detected 
exposure at the face of the image intensifier (0.129 uC/kg per 
exposure) was used. A radiographic grid was employed without air- 
gap magnification. Thirty to forty milliliters of diatrizoate 76% were 
injected into the vena cava at 25 ml/sec. For intraarterial studies, a 
40-ml bolus of diatrizoate 30% was injected at 20 ml/sec. Radi- 
ographic technique identical to that employed for IV studies was 
used. For intraarterial studies of the aortoiliac circulation, contrast 
injection was decreased to a 30-ml bolus injected at 15 m/sec. All 
abdominal studies were performed using abdominal compression and 
IV glucagon unless contraindicated by aortic aneurysm or diabetes, 
respectively. Additional oblique projections were performed, if nec- 
essary, to define more clearly the vascular anatomy obscured by 
superimposition. 

For this Clinical trial, the temporal and hybrid studies were analyzed 
by consensus of three radiologists, the results entered into a stand- 
ardized data format, and the two techniques compared. Both images 
of each IV carotid arteriogram were evaluated to determine whether 
the right and left carotid bifurcations were profiled in one or both of 
the standard oblique projections, or with an additional projection if 
required. A carotid bifurcation profiled in only one of the two oblique 
projections was labeled a single-profile projection. However, a carotid 
bifurcation profiled in two oblique projections was labeled a double- 
profile projection. In addition to determining the incidence of double- 
or single-profile projection by temporal and hybrid images, the use of 
pixel shift to correct for misregistration of the cervical spine overlaying 
the ipsilateral carotid bifurcation was also tabulated. 

The degree of luminal narrowing of the proximal internal carotid 
artery expressed as a percent reduction of lumen diameter was 
determined from the temporal and hybrid images. This determination 
was made from the double-profile display if available, otherwise from 
the single-profile display. The estimated percentages of stenosis 
obtained from the temporal and hybrid images were then compared. 

On aortic arch DSA images, the presence or absence of artifact 
overlaying the aortic arch and proximal brachiocephalic arteries was 
noted for both temporal and hybrid images. Most artifacts repre- 
sented the misregistration of tissue/air interface between the aortic 
arch or rapidly pulsating pulmonary vessels and background lung. 
Occasionally, misregistration was due to musculoskeletal motion 
resulting from breathing or gross patient motion. When artifact was 
present on the temporal images, reduction or elimination of the artifact 
by using the hybrid images was noted. The temporal and hybrid 
images were then evaluated separately as diagnostically adequate 
Studies, (i.e., whether they displayed the vessel margins adequately 
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Fig. 1.—Right anterior oblique (A, C) 
and left anterior oblique (B, D) projections 
of extracrania! carotid and vertebral arter- 
ies by temporal (A, B) and hybrid (C, D) 
acquisition. Note single-profile images of 
each carotid bifurcation on temporal-sub- 
traction sequence (proximal 3 cm of inter- 
nal and extemal carotid artery identified 
on one projection) compared to double- 
profile images on hybrid-subtraction se- 
quence (proximal 3 cm of internal and 
external carotid artery identified on both 
oblique projections). Hybrid postprocess- 
ing has substantially removed soft-tissue 
motion artifact. Caliber of internal carotid 
arteries estimated by both techniques is 
equivalent. Temporal images are single- 
frame precontrast and postcontrast; hy- 
brid images are integrated precontrast 
and postcontrast. 


either to diagnose or exclude a hemodynamically significant stenosis 
of the proximal brachiocephalic arteries). 

Both images of the abdominal and pelvic angiograms were ana- 
lyzed to determine the presence or absence of artifact overlaying the 
targeted vessels of interest, the main renal arteries, the infrarenal 
aorta, and the iliac vessels. In these patients, artifact was due 
exclusively to bowel gas misregistration. Both the temporal and hybrid 
images were then evaluated separately as diagnostically adequate 
studies (i.e., sufficient to diagnose or exclude a hemodynamically 
significant stenosis or aneurysm involving one of the targeted ves- 
sels). 

The differences between temporal and hybrid DSA in (1) displaying 
a single- or double-profile projection of the carotid bifurcation and (2) 
providing diagnostically adequate IV and intraarterial examinations, 
were tested for significance by chi square incorporating the Yates 
correction fer continuity. 
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Results 


IV Carotid Arteriography 


In 65 IV carotid arteriograms, the ability of the temporal 
and hybrid technique to profile each carotid bifurcation in one 
or two oblique projections could be evaluated in 127 in- 
stances. Three patients had unilateral occlusion of an internal 
carotid artery that precluded this comparison. In 48% (61 of 
127) of the carotid bifurcations evaluated, conventional tem- 
poral-subtraction images displayed the carotid bifurcations in 
two orthogonal oblique projections. Hybrid subtraction in- 
creased this to 62% (79 of 127) (p < 0.001) (Fig. 1). In the 
remaining 38% (48 of 127), superimposition of the internal 
and external carotid artefies in the opposite oblique projection 
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A 


precluded a profile view of the bifurcation, even though soft- 
tissue motion artifact was reduced or eliminated in the hybrid- 
subtraction images. In 50% of the studies, pixel shift was 
used to correct for misregistration artifact of the cervical spine 
overlaying the ipsilateral carotid bifurcation. In the hybrid 
postprocessing mode, the pixel shift already instituted for 
evaluation of the conventional temporal subtractions was 
maintained. 

In this series, hybrid acquisition produced a double-profile 
projection of the carotid bifurcations in an additional 14% (18 
of 127) of examinations. However, percent stenosis of the 
proximal internal carotid arteries estimated from the temporal 
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Fig. 2.—Right anterior oblique (RAO) 
projection of the extracranial carotid and 
vertebral arteries by temporal (A) and hy- 
brid (B) acquisition. Asymmetric high- 
grade stenosis of proximal left internal 
carotid artery diagnosed on the basis of 
the RAO temporal image (arrow) (A). He- 
modynamically insignificant stenosis (ar- 
row) evident on corresponding integrated 
hybrid-subtraction image (B). Hybrid sub- 
traction removed motion artifact not ob- 
vious on temoral images and avoided 
false-positive diagnosis of high-grade 
asymmetric stenosis. 


Fig. 3.—Right anterior oblique projec- 
tion of extracranial carotid and vertebral 
arteries by temporal (A) and hybrid (B) 
acquisition. Left carotid bifurcation pro- 
filled by hybrid subtraction (B) but ob- 
scured by soft-tissue motion artifact on 
corresponding single-frame temporal- 
subtraction image (A). On left anterior 
oblique projection, the left carotid bifur- 
cation was not profiled because of super- 
imposition of internal and external carotid 
arteries. 





and hybrid images differed in only one case. In this instance, 
an asymmetric high-grade stenosis of the left internal carotid 
artery was diagnosed incorrectly on right anterior oblique 
temporal-subtraction images when the carotid bifurcation was 
profiled through the larynx. Mild atherosclerotic narrowing 
was evident on the hybrid subtraction images (Fig. 2). In one 
other patient, the left carotid bifurcation could not be profiled 
in either oblique projection with temporal-subtraction images. 
Hybrid reprocessing resulted in a satisfactory profile view of 
the left carotid bifurcation in the right anterior oblique projec- 
tion. In this projection, the bifurcation overlay the larynx (Fig. 
3). Thus, the use of hybrid subtraction resulted in a diagnostic 
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study in two instances in which a bifurcation projected over 
the larynx was obscured or distorted by soft-tissue motion 
artifact on temporal-subtraction images. 


Thoracic, Abdominal, and Pelvic Arteriography 


Table 2 shows the diagnostic utility of temporal and tem- 
poral/hybrid images of the aortic arch, the aortorenal vessels, 
and the aortoiliac vessels. 

Thoracic arteriography.—in 13 IV aortic arch examinations, 
artifact overlay the region of interest in 10 instances. In one 
study, the temporal images were considered nondiagnostic, 
but the hybrid images diagnostic. Of 11 intraarterial exami- 
nations, artifact was present in two. In all 11, conventional 
temporal subtraction was considered diagnostic. 

Aortorenal arteriography.—|n 23 IV abdominal studies, 
bowel gas artifact overlay the main renal arteries or infrarenal 
aorta in 10 instances. Conventional temporal images were 


TABLE 2: Diagnostic Utility of Temporal and Hybrid DSA 





Diagnostic Studies 














Total Babi 
verlaying 
Studies ROI Temporal eae 

Aortic Arch 

Intravenous 13 10 10 11 

Intraarterial 11 2 11 11 
Abdominal 

Intravenous 23 12 17 20 

Intraarterial 98 53 90 94 
Pelvic 

Intraarterial 60 36 56 58 





Note.—DSA = digital subtraction angiography; ROI = region of interest. 


Fig. 4.—IV aortorenal arteriogram in left anterior 
oblique projection, single-frame temporal-subtraction 
image (A) compared with integrated hybrid image (B). 
Proximal segment of left main renal artery obscured 
by peristaltic artifact on temporal image but ade- 
quately displayed on hybrid image (arrow). Significant 
renal artery stenosis was excluded only on the basis 
of hybrid-subtraction images. 
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nondiagnostic in three instances in which hybrid images were 
diagnostic (Fig. 4). This difference was not statistically signif- 
icant. Both temporal and hybrid images were considered 
nondiagnostic in an additional three studies. In 98 intraarterial 
abdominal studies, bowel gas artifact overlay the main renal 
arteries or infrarenal aorta in 53; in four studies, temporal 
images were nondiagnostic, but hybrid images were diagnos- 
tic (Fig. 5). This difference was not statistically significant. 
Both temporal and hybrid images were nondiagnostic in an 
additional four studies. 

Aortoiliac arteriography.—In 60 intraarterial pelvic exami- 
nations, bowel gas artifact overlay the iliac vessels in 36 
Studies. In two studies, temporal images were nondiagnostic, 
but hybrid images were diagnostic (Fig. 6), a difference that 
was not statistically significant. In two additional cases, both 
temporal and hybrid images were nondiagnostic. 


Discussion 


Hybrid subtraction is a relatively complex technique that 
evolved from research into energy subtraction methods. 
When hybrid subtraction capability is added to a DSA system, 
all the capabilities of conventional temporal subtraction are 
maintained. In particular, conventional single-energy tem- 
poral-subtraction images are displayed on-line during acqui- 
sition. Remasking (selection of an alternate mask to improve 
registration), integrated remasking (integration of precontrast 
and postcontrast images to improve signal-to-noise ratio), 
and pixel shift are available as postprocessing routines. Hy- 
brid subtraction using both high and low kilovoltage images 
may be easily implemented as a reprocessing option in addi- 
tion to those already mentioned. Hybrid subtraction reduces 
or eliminates soft-tissue motion artifact and is used to reduce 
or remove artifact that results from swallowing and peristaltic 





618 FOLEY ET AL. 





bowel motion. For IV studies, image integration of the hybrid 
subtraction images is necessary to make the signal-to-noise 
ratio acceptable. Image integration can be performed suc- 
cessfully in almost all IV carotid and abdominal aortic angiog- 
raphy because the pulsatility of these vessels does not sig- 
nificantly blur the vessel margins during prolonged exposure 
times. 

In our study, we determined the percentage of cases in 
which hybrid subtraction capability added additional informa- 
tion to that already obtained from temporal-subtraction im- 
ages. In 14% of the carotid bifurcations evaluated in our 
series, hybrid subtraction provided a double-profile projection 
when only one adequate profile projection was available from 
conventional temporal images, thus improving our diagnostic 
confidence in excluding an asymmetric stenosis in these 
instances. However, when an estimate of percent stenosis 
obtained from the hybrid images of these studies was com- 
pared with that obtained from the single-profile temporal 
images, a change was made in only one study. In this patient, 
an incorrect estimate of significant stenosis of the contralat- 
eral bifurcation projected over the larynx would have been 
made from the temporal-subtraction images (Fig. 2A). An 
insignificant stenosis was demonstrated on the hybrid sub- 
traction series (Fig. 2B). The steep oblique projection of the 
ipsilateral carotid bifurcation overlaying the cervical spine 
provides an accurate estimate of percent stenosis in most 
patients, a similar conclusion to our prior experience compar- 
ing oblique IV carotid arteriography with selective carotid 
arteriography performed in the lateral projection [6]. 

Burbank et al. [5] found that hybrid subtraction, in compar- 
ison with conventional temporal-mode subtraction, resulted 
in a double-profile view of the carotid bifurcation in an addi- 
tional 23% of patients. However, Burbank et al. did not 
compare differences in estimated percent stenosis between 
the two techniques (i.e., they did not determine whether hybrid 
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Fig. 5.—Transaxillary abdominal aortogram in pa- 
tient with subrenal aortic occlusion. Single-frame tem- 
poral subtraction (A) is compared with integrated 
hybrid subtraction (B). Left main renal artery obscured 
by motion artifact on temporal image; significant renal 
artery disease cannot be excluded. Vessel is outlined 
clearly on hybrid image. 


subtraction with a double-profile view enabled detection of an 
asymmetric carotid stenosis in a clinically significant number 
of patients). Our study found the incremental gain of a double- 
profile view in IV carotid arteriography to be minor. 

In 5% of patients, a profile view of the ipsilateral bifurcation 
is prevented by superimposition of the internal and external 
carotid arteries [7], and the bifurcation must be profiled either 
through the larynx in an opposite oblique projection or in an 
anteroposterior projection. Hybrid subtraction is a potentially 
valuable technique in profiling the carotid bifurcation overlay- 
ing the larynx if the vessel outlines are obscured by swallow 
artifact on conventional temporal images (Fig. 3). In those 
patients, hybrid subtraction may provide the only profile of 
the carotid bifurcation in an IV examination. 

In abdominal arteriography, bowel gas artifact obscured 
the vessels of interest in approximately 50% of patients, 
whether the examinations were IV or intraarterial. However, 
reduction or elimination of bowel gas artifact is more critical 
for IV examinations because the “DSA signal” reflecting intra- 
arterial iodine concentration is significantly less with IV than 
with intraarterial techniques (Fig. 7). With a lesser DSA signal, 
vessel margins are more difficult to discern when overlain by 
peristaltic artifact (Fig. 4). Three IV studies (three aortorenal) 
and six intraarterial studies (four aortorenal, two aortoiliac) 
were nondiagnostic, even with hybrid postprocessing. In 
these patients, hybrid subtraction reduced the motion artifact, 
but not enough for adequate visualization of vessel margins. 
In the nondiagnostic abdominal angiograms, persistent arti- 
fact presumably represented motion occurring between the 
low and high kilovoltage images during hybrid acquisition, 
resulting in edge artifact in the hybrid image. Overall, hybrid 
subtraction converted 15% of nondiagnostic conventional 
temporal-subtraction studies into diagnostic examinations. 
Lack of statistical significance resulted from the small sample 
(N = 23). However, only 5% of nondiagnostic intraarterial 
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Fig. 6.—Transfemoral aortoiliac arte- 
riogram in patient with abdominal aortic 
aneurysm and peripheral vascular dis- 
ease. Single-frame temporal subtraction 
(A) is compared with integrated hybrid 
subtraction (B). Both iliac arteries ob- 
scured by peristaltic artifact on temporal 
image but clearly displayed on hybrid im- 
age. 


Fig. 7.—Transfemoral aortoiliac arte- 
riogram in patient with peripheral vascular 
disease. Temporal subtraction (A) and hy- 
brid subtraction (B). Although peristaltic 
artifact overlays right iliac artery on tem- 
poral-subtraction study (A), vessel mar- 
gins are still clearly displayed (arrows), 
reflecting high intraarterial iodine concen- 
tration. Even with overlaying peristaltic 
artifact, temporal-subtraction study is di- 
agnostic. 


temporal-subtraction studies were converted into diagnostic 
examinations. 

In hybrid aortic arch images, persistent background artifact 
presumably resulted from the rapid pulsatile motion of pul- 
monary vessels occurring during the 33-msec video readout 
of the low energy signal. The rapid periodic motion of the 
pulmonary vasculature and calcified vessel walls will probably 
be satisfactorily registered only in ECG-gated image acauisi- 
tion [8]. 
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In summary, a double-profile view of the carotid bifurcations 
using orthogonal oblique projections can be obtained more 
frequently with hybrid than temporal-subtraction images. Al- 
though this view improves observer confidence in excluding 
an asymmetric stenosis, in our series, it was of limited value 
in changing estimated percent stenosis. Apart from potential 
benefit for IV abdominal arteriography, hybrid subtraction 
does not provide a significant advantage for thoracic, abdom- 
inal, or pelvic arteriography. 
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Thrombolysis of Occluded 
Femoropopliteal Grafts 





In a series of 44 occluded femoropopliteal grafts, streptokinase was used for throm- 
bolytic therapy in 22 cases and urokinase in 22 cases. In most cases, thrombolytic 
agents were administered via an indwelling arterial catheter directly into the proximal 
thrombus. The catheter tip was advanced as thrombolysis occurred. Compared with 
streptokinase infusions, urokinase bolus injection followed by infusion had better results 
(77% vs 41%) and fewer complications (23% vs 50%). During thrombolytic infusion, 
concomitant heparin infusion was usually used to reduce the frequency of thrombus 
formation on the infusion catheter or recurrent thrombosis of the graft, once the tip of 
the infusion catheter was advanced distally. Follow-up in 23 of 26 successful cases 
showed that 11 of the grafts remained open at an average follow-up of 12 months or 
until the patient died. The 12 grafts that reoccluded remained open an average of 3 
months. In none of the 18 failures was simple surgical thrombectomy or thrombectomy 
with graft revision effective in revascularizing the distal limb. The advantages of 
thrombolysis compared with thrombectomy are less trauma to the graft, which is 
especially important in vein grafts, and improved distal runoff due to lysis of infrapopliteal 
thrombus. Even among cases considered failures in this series, the surgical approach 
was often simplified because of partial thrombolysis. Thrombolysis requires a consid- 
erable amount of time, effort, and expense, but in certain patients where thrombectomy 
is indicated for the treatment of occluded femoropopliteal grafts, this technique offers 
important advantages. 


Intraarterial thrombolytic treatment of vascular occlusions has gained consider- 
able attention since Dotter et al. [1, 2] first reported a series of patients treated 
with local rather than systemic infusion of fibrinolytic drugs. Intraarterial infusions 
produce a higher concentration of thrombolytic agent at the site of thrombus, which 
theoretically is responsible for higher success rates, while lower systemic levels 
have fewer complications. Mechanical disruption of the clot witn guidewire or 
catheter seems to improve the fibrinolytic process [3]. 

Patients with vascular thrombosis often are elderly with widespread vascular 
disease, and many are poor surgical candidates. Of special interest are those 
patients with occluded femoropopliteal grafts. Femoral bypass surgery is one of 
the most common vascular procedures, and it also has one of the highest occlusion 
rates of any of the common bypass grafts [4, 5]. For the vascular surgeon, 
management of thrombosed femoropopliteal grafts often is a dilenma, because 
many of these patients already have had multiple vascular procedures. 

The purpose of this study was to determine the effectiveness of thrombolytic 
therapy for occluded femoropopliteal grafts and to evaluate factors that may 
influence success and complication rates. 


Materials and Methods e 


Forty-four occluded femoropopliteal grafts (including 31 prosthetic, 11 venous, and two 
umbilical vein grafts) in 40 patients were treated with intraarterial infusions of streptokinase 
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or urokinase. Streptokinase was used in 22 consecutive cases (12 
men and 10 women) from 1979 to 1984. The average age in this 
group was 67 years. Urokinase was used in 22 consecutive cases 
(nine men and 13 women) from 1984 to 1985. The average age in 
this group also was 67 years. The hospital charts, angiographic 
records, and films were reviewed, and each patient had clinical follow- 
up. Strict criteria were used to determine success or failure. Throm- 
bolysis was considered successful only when angiography indicated 
complete dissolution of the thrombus resulting in satisfactory blood 
flow through the graft. All other outcomes were considered failures, 
even though some partial successes facilitated subsequent surgical 
management (Fig. 1). Cases were categorized by the agent used, 
duration of occlusion, age, and type of graft material used. The age 
of occlusion was estimated by the onset of symptoms, although this 
is sometimes misleading since sudden loss of collaterals in patients 
with occluded grafts may have a similar presentation. The presence 
or absence of an underlying lesion and subsequent treatment, if any, 
was noted in successful cases. All complications that influenced 
patient therapy or required surgical correction were recorded. 
Results were correlated with technical factors, such as site, rate 
and duration of thrombolytic agent infusion, and coadministration of 
heparin. Early in this series, hematologic monitoring was performed 
in each patient, including protime, activated partial-thromboplastin 
time, thrombin time, and fibrin-split products. However, this was 
found to be unnecessary [6]. All of the urokinase patients were given 
IV infusions of heparin at 500-1000 units/hr during thrombolytic 
infusion monitored by activated partial-thromboplastin time. Only 9 of 
22 patients in the streptokinase group received heparin. Streptoki- 
nase infusions were given directly into the thrombus at 5000 units/hr 
after a bolus of 25,000 to 250,000 units. In most cases, the infusion 
rate was increased incrementally by 5000 units, up to 15,000 units/ 





Fig. 1.—A, Initial attempts to enter occluded graft by guidewire or catheter 
failed. After 24 hr of urokinase infusion in external iliac artery, proximal graft is 


now patent (arrow). B, Graft was successfully catheterized and urokinase 
infusion continued directly into graft, resulting in rapid thrombolysis. C, Graft 
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hr if no progress had occurred. A guidewire was passed through the 
occluded graft one or more times before the infusion. In both uroki- 
nase and streptokinase cases, the catheter tip was embedded into 
the thrombus and advanced as the clot was lysed. Arteriograms were 
repeated at intervals of 6-12 hr during infusion to monitor progress. 
In general, the urokinase infusions followed a protocol modeled on 
the report of McNamara and Fischer [7], with infusion rates of 4000 
units/min for 2 hr, 2000 units/min for 2 hr, then 1000 units/min until 
completion. If the graft could be entered with the catheter, a bolus of 
30,000-60,000 units was hand-injected throughout the graft, usually 
through a 3-French Teflon catheter inserted coaxially. If progress was 
slow, infusion rates were occasionally increased to 2000-4000 units/ 
min for 1-2 hr. If the graft could not be entered, the infusion was 
begun proximal to the graft origin and no bolus was given. 

Patient selection was arbitrary and largely depended on referrals 
from the surgical service. The only absolute criteria used to exclude 
patients were signs of irreversible ischemic changes in the involved 
limb or evidence of occult bleeding prior to therapy, such as guaiac 
positive stools. Patients with a recent cerebrovascular accident would 
also have been excluded, but no such patient was found in this series. 
Patients with recent surgery were treated as early as 2 days post- 
operatively. Statistical significance of the results was tested using 
the chi-square test. 


Results 


A total of 44 occluded femoropopliteal grafts were treated 
by intraarterial thrombolysis. The overall success rate was 
59% (26 of 44 cases). Seventeen (77%) of 22 patients were 
successfully treated using urokinase, with 5 failures (Table 1). 





was patent proximally, but thrombolysis of distal graft failed. D, Intraoperative 
angiogram showing marked intimal hyperplasia of distal graft (arrow), success- 
fully bypassed with small arm vein (open arrow). 
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TABLE 1: Results of Thrombolysis 
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Urokinase Streptokinase 
Success Failure Total Success Failure Total 
No. of cases 17 (27%) 5(23%) 22 9 (41%) 13(59%) 22 
No. of complications 2 3 5 (23%) 4 T 11 (50%) 
Heparin infusions 17 5 22 5 4 9 
Bolus injections 14 3 fi 9 12 21 
Graft age (months) 
>12 11 13 6 5 11 
1-12 3 8 3 f 10 
a 1 0 1 0 1 1 
Occlusion age (days) 
<1 6 2 8 4 9 
1-7 5 2 7 3 3 6 
7-28 5 0 5 2 2 4 
>28 1 1 2 0 3 3 
Graft material 
PTFE 15 3 18 5 8 13 
RSV 2 1 3 3 2 5 
ISV 0 1 1 1 1 2 
UV 0 0 0 0 2 2 





Note.—PTFE = polytetrafluoroethylene, RSV = reversed saphenous vein, ISV = in situ saphenous vein, UV = umbilical vein. 


TABLE 2: Urokinase Complications 





Thrombolysis 


Treatment 











Medical therapy; no residual 


Complication 
outcome 
Success Acute renal failure and (mild) 
congestive heart failure disability 
Success Brachial embolus/thrombus Surgical embolectomy 
from brachial artery cath- 
eterization; asymptomatic 
loss of pulse 
Failure Embolus to deep femoral Surgical embolectomy 
artery; asymptomatic 
Failure Retroperitoneal hematoma 2-unit transfusion 
Failure Angina and pulmonary 


edema on angiography 
table during routine fol- 


Medical therapy; asymtomatic 
next day; no residual disa- 
bility 


low-up (no contrast me- 


dium injected) 





Nine (41%) of 22 cases were successful in the streptokinase 
group, with 13 failures. The overall complication rate was 
36% (16 of 44 cases). Five of the 16 complications resulted 
in or required surgical intervention. The other complications 
were successfully treated with medical therapy or resolved 
spontaneously. The complication rate for urokinase was 23% 
(5 of 22 cases) (Table 2), and for streptokinase it was 50% 
(11 of 22 cases) (Table 3). There was no significant difference 
in complication or success rates between those in the strep- 
tokinase group who had received heparin and those who had 
not. Of the 11 complications in the streptokinase group, seven 
were directly related to bleeding and, of these, only three 
occurred in patients receiving IV heparin infusions. Only one 
complication in the urokinase group resulted from bleeding, 
and this was partially due to a high arterial puncture. Three 
patients in the urokinase group were treated at 2, 3, and 7 
days after peripheral vascular surgery without consequence. 

Bolus injections of 25,000-250,000 units of streptokinase 
were given in 21 of the 22 streptokinase cases. The size of 


the bolus dose did not influence the complication rate. In 
streptokinase cases, the average bolus dose associated with 
a complication was 97,000 units, but it was only about 50,000 
units in patients who developed a bleeding complication. In 
the cases without complications, the average bolus dose was 
110,000 units. The size of the first streptokinase bolus was 
larger in successful (113,000 units) compared with unsuc- 
cessful (80,000 units) cases; however, this difference was not 
Statistically significant. 

Bolus injections of 30,000-60,000 units of urokinase were 
given in 17 of 22 urokinase cases. In the urokinase group, no 
bolus was given if the graft could not be entered by the 
catheter. Of the five cases not given boluses, three were 
successful, although the duration of infusion in these cases 
(40 hr, 48 hr, and 68 hr) was considerably longer than the 
average successful infusion-duration for urokinase (26 hr). 
The average infusion-deration for successful streptokinase 
cases was 47 hr. 

Graft age or material was not significant in success or 
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TABLE 3: Streptokinase Complications 
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ee Complication Treatment 
Success Anterior compartment syn- Fasctotomy; no perma- 
drome, myoglobinurinia and nent renal damage 
acute renal failure l 
Success Abdominal aortic aneurysm Surgical repair abdominal 
leakage; septicemia aortic aneurysm; death 
during surgical repair, 
septic shock 
Success Axillary hematoma resulting in Local compression 
mild ulnar neuropathy 
SUCCESS Acute renal failure and second- Successfully resotved 
ary congestive heart fallure; with medical therapy; 
diffuse bleeding and hema- spontaneous thrombo- 
toma, pseudoaneurysm at sis of pseudoaneu- 
puncture site rysm; no surgery nec- 
essary 
Failure Acute hypotension associated Medical therapy initially; 
with subendocardial infarction coronary artery by- 
during angiography pass graft during 
same hospitalization 
Failure Distal embolus occluded single- Below-knee amputation 
vessel runoff present on origi- 
nal anglogram 
Fallure Large groin hematoma, uncon- Streptokinase discontin- 
trollable bleeding ued at 5 hr 
Failure Large retroperitoneal and thigh Volume replacement 
hematoma, associated with 
hypotension 
Failure Large groin hematoma, uncon- Streptokinase discontin- 
trollable bleeding ued at 1 hr 
Failure Extravasation through PTFE Streptokinase discontin- 
graft causing large thigh and ued at 19 hr 
calf hematoma 
Fallure Large axillary hematoma with Streptokinase discontin- 
distal paresthesia ued at 11 hr 
Note.—PTFE = potytetrafiuorosthytene. 


complication rates (Table 1), although there was one instance 
of significant bleeding caused by extravasation through a 
polytetrafluoroethylene (PTFE) graft in the calf and thigh (Fig. 
2), nor did the duration of occlusion seem to have a major 
effect on success or complication rates. In the urokinase 
group, six of the eight occlusions judged to be less than 24 
hr old were successfully lysed, and in all five of the occlusions 
judged to be between 1 and 4 weeks old, lysis was success- 
ful. Although the numbers are too small to be meaningful, 
all three cases in the streptokinase group that had graft 
occlusions thought to be more than 1 month old were unsuc- 
cessful. 

In the 17 successful urokinase cases, underlying lesions 
thought to be responsible for the occlusion were found in six 
patients. Of these six patients, three were successfully 
treated by transluminal angioplasty and three by surgical 
revision. In the nine successful streptokinase cases, underly- 
ing lesions were found in five. Of these five lesions, two cases 
were successfully treated using balloon angioplasty and the 
others were revised surgically. 

There were 18 cases of thrombolysis failure. Ten of these 
patients required amputation at the jime of first graft failure 
despite attempts at revascularization in seven of these pa- 
tients. Four patients had successful graft replacements, two 


patients had profundoplasties, and one patient remained min- 
imally symptomatic despite graft occlusion and required no 
further treatment. One patient died of unrelated causes soon 
after his graft. occlusion. Neither thrombectomy nor graft 
revision alone was ever successful if thrombolysis failed to 
restore flow. 

Among the 26 initially successful cases, eight grafts remain 
open (average follow-up 12 months) and three grafts re- 
mained open until the patients died (1 month, 5 months, and 
6 months). Of the remaining: 15 grafts, 12 reoccluded during 
follow-up at an average of 3 months. Follow-up was unob- 
tainable In two patients, and one patient had graft replacement 
despite successful thrombolysis. Treatment for the 12 grafts 
that reoccluded included two amputations, one profundo- 
plasty, four graft replacements, and one graft revision. One 
required no treatment. Three occluded grafts were success- 
fully retreated by thrombolysis, but one graft eventually re- 


quired replacement (Fig. 3). 


Discussion 


The patency rate of femoropopliteal bypass grafts at the 
end of 1 year varies from 50% to 80% and after 5 years only 
40% to 60% remain patent [8, 9], depending on several 
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Fig. 2.—A. Arterial phase of contrast injection into graft after streptokinase 
infusion shows diffuse extravasation through patent graft (arrow) and arterio- 
venous shunting (open arrow). B, Late venous phase shows no flow through 
graft, with residual contrast material in and around graft and a large collection 
distally in calf (arrow). These findings were associated with enlarging hemato- 


mas in thigh and calf. 
Wa /; | 








A B 


Fig. 3.—A, Occlusion (arrow) of a Gore-tex femoropopliteal (below knee) 
graft, 9 montns after placement. B, Graft was successfully recanalized using 
urokinase. 
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factors including graft material, status of the distal runoff 
vessels, and patient selection. Graft failure within the first few 
months usually is due to technical errors or poor patient 
selection. Pathologic change within the graft itself is the most 
frequent cause of graft occlusion during the next 18 months 
[9]. Subsequent failures are more likely due to progression of 
atherosclerotic vascular disease [9, 10]. 

Surgical management of occluded grafts is often a difficult 
problem, and attempts at surgical revision at the time of 
original graft failure often result in amputation (45%) [11, 12] 
and have an associated operative mortality of 2.5 (12%) [9, 
10]. Surgical complications include infection (5%), embolus 
(4%), false aneurysm (1%), and myocardial infarction (3%) 
[9]. 

In this series of patients, there was one death (2%) attrib- 
uted to thrombolytic therapy. This patient developed septi- 
cemia after infusion therapy and was subsequently discov- 
ered to have a leaking abdominal aortic aneurysm. He died 
during surgical repair of the aneurysm, possibly from septic 
shock. Differences in patient selection make comparison with 
Surgical success and complication rates difficult. The overall 
failure rate (41%) was high, but in no instance was simple 
thrombectomy or thrombectomy with graft revision successful 
if thrombolysis failed. Of the 26 successful cases, 12 had 
multiple prior surgical revisions or replacements of the in- 
volved graft. The only cases in which the lower extremity was 
successfully revascularized after thrombolysis failure were 
those in which the occluded graft was replaced. 

Several factors were evaluated to study their effects on 
success rates. The only statistically significant factor (p < 
0.05) was the use of urokinase rather than streptokinase. 
None of the other factors studied, including graft type or age, 
duration of occlusion, bolus injections, or heparinization in the 
streptokinase group, had a statistically significant effect. Al- 
though the use of streptokinase did not have a statistically 
significant effect on complication rates because of the low 
numbers, a clear trend seems evident, with more than twice 
as many complications in the streptokinase group compared 
with the urokinase group. 

During thrombolytic infusion, many patients experience ep- 
isodes of sudden worsening of distal ischemia. This is often 
a sign that thrombolysis is progressing effectively. These 
symptoms are probably due to disruption of the thrombus, 
with distal embolization. In these cases, we have learned to 
resist the temptation to discontinue thrombolysis and rush 
the patient to surgery, since symptoms will usually resolve 
with continued thrombolysis. 

Previous reports have documented bleeding through pros- 
thetic Dacron grafts during thrombolysis [13], and some 
suggest that this may be a serious event with aortic grafts, 
since bleeding in this location may be undetected until the 
patient becomes acutely hypotensive. In our series, four 
patients (three treated with streptokinase, one with urokinase) 
had prosthetic Dacron aortic grafts implanted at 8 months, 
11 months, 12 months, and 9 years prior to infusion. None of 
these patients had direct perfusion of the grafts, and none 
had clinically detectable*bleeding or complications related to 
the graft. In addition, 31 of the femoropopliteal grafts treated 
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were prosthetic (Gore-tex, W. L. Gore & Associates, Newark, 
DE), and many patients had additional remote prosthetic 
grafts (femorofemoral or axillofemoral). Of these, only one 
patient developed evidence of bleeding through a graft (Fig. 
3), which occurred In a 1-year-old femoropopitteal graft. This 
patient required discontinuation of thrombolysis because of 
an enlarging hematoma in the thigh and calf, resulting in a 
thrombolysis failure. Although patency of the graft was re- 
stored, there was no significant blood flow through it. Extra- 
vasation through Gore-tex grafts has been reported with both 
urokinase and streptokinase [14, 15]. 

We recommend the use of IV heparin infusions during 
thrombolytic therapy. The activated partial thromboplastin 
time should be monitored and kept at levels 1%-2 times 
normal by adjusting the heparin-infusion rates. In cases where 
heparin was not used, or in which it was begun late, we often 
encountered problems with thrombus forming either along 
the infusion catheter or in previously recanalized portions of 
vessels or grafts once the tip of the infusion catheter was 
advanced distally. 

Average cost of therapy for the urokinase patients in this 
study was $5400 (for nine vials, 250,000 units each). The 
average cost for a streptokinase patient was $164 (two vials, 
250,000 units per vial). The difference in cost is partially offset 
by the fact that successful Infusions of urokinase required 
only about half the amount of time as streptokinase (26 vs 47 
hr), reducing the time spent in intensive care, and there were 
fewer complications (5 vs 11). 

In summary, the results in this series suggest that previ- 
ously published reports condemning thrombolysis for treat- 
ment -of occluded femoropopliteal grafts were premature 
[16]. We, find that the optimal method for thrombolytic treat- 
ment of.occluded femoropopliteal grafts is by infusion of 
urokinase directly into the occluded graft after bolus injection 
throughout the thrombus. Concomitant IV heparin should be 
used. Urokinase infusion should not be continued beyond 48 
hr- unless clear progress in thrombolysis is occuring. Using 
this method, acute ischemla was relieved and complete 
thrombolysis achieved in approximately three-quarters of 
cases in this series. After surgical or angioplasty treatment of 
underlying lesions (if present), approximately half of these 
initially successful cases maintained graft patency for at least 
1 year without further surgery. 

Accurate comparison to surgical management cannot be 
made because of significant differences in patient population. 
Once they are occluded, many femoropopliteal grafts will need 
to be replaced, but aggressive management can save as 
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many as 36% (graft patency) with a 50% Iimb-salvage rate at 
5 years [9]. In cases where thrombectomy is appropriate, 
thrombolysis has the potential advantages of causing less 
trauma to the luminal surface of the occluded graft and 
improved graft outflow due to lysis of infrapopliteal small- 
vessel thrombus. 
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Histologic Analysis of Tissue 
Response to Bucrylate- 
Pantopaque Mixture 





A toxicologic-pathologic study of isobutyl-2-cyanoacrylate (Bucrylate) was carried out 
first in dogs and then in humans whose arteriovenous malformations were infused with 
this embolic agent. The canine specimens obtained at 7, 18, 28, and 147 days after 
embolization showed the development of a mild histiocytic giant cell reaction, which 
evolved to end-state sclerotic arteritis. The response was confined to the vessels and 
did not involve contiguous parenchymal tissues. Ten human specimens, obtained from 
1 hr to 7 years after treatment, showed a similar bland reaction with no evidence of 
suppuration or premalignant changes. 


Transcatheter occlusive therapy is an accepted method of nonsurgical treatment 
for gastrointestinal hemorrhage [1, 2], tumor palliation [3, 4], and obliteration of 
arteriovenous malformations (AVMs) [5, 6]. Since 1973 in certain patients we have 
used a rapidly polymerizing plastic tissue adhesive isobutyl-2-cyanoacrylate (Buc- 
rylate, Ethicon, Inc., Somerville, NJ) to treat intracranial AVMs [7-13]. Former in 
vitro investigations have demonstrated that the addition of varying amounts of 
iophendylate (Pantopaque, Lafayette-Pharmacal, Inc., Lafayette, IN) will result in 
satisfactory opacification of the solution and allow the polymerization time to vary 
over a range of 1-30 sec [14], which allows more control and greeter penetration 
of the adhesive into a capillary bed, tumor mass, or AVM nidus [15]. There has 
been recent concern about potential adverse effects of these substances when 
used in human subjects. We thus began a canine investigation to assess histo- 
pathologic reactions that this mixture might evoke. We then obtained specimens 
from humans whose AVMs had been embolized and then surgically removed. 


Materials and Methods 


Two unconditioned dogs were anesthetized with sodium pentobarbital and were intubated. 
Appropriate institutional guidelines were followed concerning animal care. Using percutaneous 
techniques, a polyethylene catheter was introduced into the renal arteries and, using direct 
fluoroscopic control, the kidneys were embolized with a 50% mixture by volume of Bucrylate 
and Pantopaque. The kidneys were harvested from the sacrificed dogs at 7, 18, 28, and 147 
days after embolization. The resected kidneys were radiographed, and appropriate tissue 
sections were obtained from the area occluded with the radiopaque embolic mixture. The 
tissues were prepared by paraffin embedding and were stained with hematoxylin and eosin 
(H and E), Virchow Van Giesen (VVG), and trichrome stains (GT). They were examined by 
light microscopy. 

Intraoperative transcatheter occlusive therapy with a Bucrylate-Pantopaque mixture was 
performed in the operating room under fluoroscopic control on 25 patients who had intracranial 
AVMs. Tissue specimens were obtained from 10 patients during subsequent surgery. The 
specimens were submitted for pathologic analysiseas described above. The 10 specimens 
were obtained at 1 hr, 3 days, 7 days, 4 weeks, 5 weeks, 6 weeks, 5 monhs, 6 months, 1 
year, and 7 years after embolization. 
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Results 
Histologic Analysis of Canine Renal Specimens 


Seven days.—The mixture was present in the arcuate 
arteries and several of the branching interlobular arteries of 
the renal cortex, causing vascular occlusion and acute nec- 
rotizing arteritis. Loss of endothelium and fragmentation of 
the internal elastic membrane were frequent. The entire vessel 
wall showed an intense neutrophilic infiltration and extensive 
destruction of the media. Multifocal areas of vascular destruc- 
tion resulted in numerous peripheral cortical infarcts. Areas 
of coagulation necrosis were sharply delineated from the 
surrounding normal tissue. 

Eighteen days.—Histocytes, lymphocytes, and fibroblasts 
infiltrated the vascular wall and adventitial regions, resulting 
in a chronic granulomatous arteritis of the arcuate and inter- 
lobular arteries. Areas of hemorrhagic infarction peripheral to 
the occluded vessels also were present; the acute inflamma- 
tory changes were less evident than at 7 days. 

Twenty-eight days.—Healing and decrease of the inflam- 
matory reaction was now evident with organization of the 


TABLE 1: Summary of Histologic Analyses of Human Specimens 
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infarcts by proliferation of interstitial fibrous connective tissue. 
A few hemosiderin-laden macrophages extended in fibrous 
bands from the arcuate arteries to the kidney surface. The 
involved arteries still showed chronic granulomatous arteritis 
and were surrounded by a mixture of inflammatory cells. 
Multinucleated giant cells surrounded some of the smaller 
separated pieces of the mixture. 

One hundred forty-seven days.—Dense fibrous connective 
tissue was now well organized throughout the renal infarcts. 
Concentric layers of fibrous connective tissue surrounded the 
embolized arteries in a pattern described as sclerosing arter- 
itis. The previously seen inflammatory cells were almost com- 
pletely resolved. The number of foreign body giant cells 
decreased. 


Histologic Analysis of Human Specimens 


Table 1 summarizes the results of analyses of human 
specimens. 
One hour.—A 44-year-old man had a right parietal AVM 


En nn nn nnn nnn ne SSS SSS SSS 








Clinical Information Pathology 
Case Age nder Loca- l org) Acute Acute Chronic Giant 
No. (years) Gende eh History & — & è ce Vascular PMN Inflammatory Cell Metaplasia 
S Symptoms i mo"28- Necrosis Infiltrate Infiltrate Reaction 
AVM tion 
1 44 M Right pari- Seizures refrac- IBCA +P 1hr — — - — — 
etal tory to medi- 1ml 
cation 
2 35 F Right pari- 2 hemorrhages, IBCA + P 3 days _ + = = — 
etal left hemipa- 1m x3 
resis 
3 24 M Left parie- 1hemorrhage, IBCA+P 7 days — + — — — 
tal right homony- 1ml 
mous quad- 
rantanopsia 
4 22 Right scalp Multiple hemor- IBCA +P 4 weeks - — + — — 
rhages 1ml 
5 49 Left para- | Headaches, IBBCA+P+T 5 weeks = — + + — 
tentorial multiple hem- Tma 
orrhages, 
ataxia, visual 
changes 
6 65 M Right pari- Left hemipa- IBCA + P 6 weeks — — + + -= 
etal resis, old 1ml 
CVA, demen- 
tia 
7 15 M Right pari- Headaches, IBCA+P+T 5 months — — + + — 
etal blurred vision 0.3 ml x 2 
8 28 F Disfiguring Multiple hemor- IBCA + P 6 months = = - + _ 
heman- rhages 2 ml 
gioma, 
right 
face 
9 15 M Scalp Multiple hemor- IBCA + P 1 year — — - + — 
rhages Ttmx3 
10 30 F Left tem- Subarachnoid IBCA + P 7 years - = — + — 
porooc- "hemorrhage 1m x3 
Cipital 
Note.—AVM = arteriovenous malformation; PMN = polymorphonuciear,; IBCA + P + T = isobutyl-2-cyanoacrylate + Pantopaque + tantulum; — = negative; + = positive; CVA = 


cardiovascular accident. 
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Fig. 1.—Case 1. Brain, 1 hr; most vascular lu- 
mation are filled and distended with refractile Buc- 


inflammatory reaction in vascular wall and sur- 
rounding cerebral tissue. (H and E X37) 





A 


Fig. 4.—Case 5. Brain, 5 weeks; intraluminal Buc- 
rylate is mixed with intact red blood cells, platelets, 
and fibrin (long arrow). Fibrin is abundant along the 
vascular wall (short arrows). (Virchow Van Giesen 





Fig. 2.—Case 2. Brain, 3 days; vascular walls 
mens (closed arrows) in this arteriovenous malfor- are intact, but perivascular regions (longer arrows) 
are filled with polymorphonuclear leukocytes and 
rylate. Some lumens are not filled (open arrow). No debris of inflammatory cells. Similar clumps of de- 
bris and inflammatory cells also are noted within 
the lumen (thick arrow). (H and E X147) 
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Fig. 3.—Case 4. Scalp, 4 weeks; mononuclear 
leukocytes are present in the outer vessel wall, 
which is fibrotic (jong arrow). Intraluminal Bucrylate 
is still intact (short arrows). (H and E x147) 





Fig. 5.—Case 8. A, Face, 6 months, (H and E x37). Specimen shows focal lymphocytic infiltration (open 
arrow). Small clumps of giant cells and macrophages are sometimes found. Bucrylate (closed arrow) is 
found in one area. Thrombosed vascular channels are difficult to discern (see Fig. 5B). B, Same case, 
(Virchow Van Giesen x37). Thrombosed vascular channels (short arrow) are demonstrable and often show 


x147) fragmented elastic laminas (/ong arrows). 


with refractory seizures and was treated with intraoperative 
embolization and immediate surgery. The resected specimen 
(Fig. 1) shows the embolization mixture present in numerous 
arterial channels. The mixture was not firmly solid and some 
dissolved during slide preparation. There was no evidence of 
inflammatory reaction; all arteries appeared normal despite 
the presence of the Bucrylate-Pantopaque mixture. 

Three days.—A 35-year-old woman had had two prior 
intracranial hemorrhages and had been treated with intra- 
operative embolization. She bled subsequently from an area 
that had not been embolized. Perivascular areas demon- 
strated acute inflammatory reaction where the Bucrylate- 
Pantopaque mixture came into contact with the vessel wall 
(Fig. 2). 

Seven days.—Middle and posterior cerebral arteries fed a 
left peripheral parietal-occipital AVM in a 24-year-old man and 
caused a homonymous quadrantanopsia. Several of the cor- 
tical feeding vessels were embolized intraoperatively. One 
week later, the entire AVM was removed. Histologic analysis 
showed occlusion of numerous vascular channels with the 
Bucrylate mixture. Blood and plasma were interspersed 


throughout the embolization mass. An intense acute vasculitis 
had developed in many of the vessels. The debris of trapped 
leukocytes was often visible within the interstices of the 
embolic material. 

Four weeks.—A 22-year-old man presented with multiple 
hemorrhages from a scalp AVM. An intraoperative emboliza- 
tion was carried out. At the second embolization, tissue was 
recovered from the first treatment 1 month before. Histologic 
analysis of this surgical specimen showed mononuclear leu- 
kocytes present in the outer wall of some of the vessels (Fig. 
3). 

Five weeks.—A 49-year-old man presented with a paraten- 
torial AVM that had bled severely on many occasions. He 
was treated by intraoperative embolization and was well for 
several hours, but deteriorated and died 5 weeks later. Path- 
ologic analysis of the brain demonstrated the embolic mixture 
present in vascular channels, mostly on the venous side. 
There was focal proliferation of fibroblasts with extension 
toward the center of the lumen in many areas. Foreign body 
giant cells, macrophages, and mononuclear cells also were 
found along the vascular wall (Fig. 4). 
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Six weeks.—A 65-year-old man presented with a residual 
left hemiparesis and a rapidly progressing dementia. Angiog- 
raphy showed a right parietal AVM. The AVM was embolized 
intraoperatively. He developed a pneumonitis, which pro- 
gressed to an empyema. He died 6 weeks later. Histologic 
analysis of the brain showed many vascular channels filled 
with Bucrylate-Pantopaque mixture. There were varying 
amounts and degrees of organization within the vascular 
channels with some foreign body giant cells near the interior. 
Very little inflammatory reaction was found. A few of the 
normal arteries were thrombosed, and several of these dem- 
onstrated recanalization. 

Five months.—Histologic specimens obtained from a pa- 
tient with an intracranial AVM treated 5 months earlier dem- 
onstrated many vascular channels filled with the Bucrylate 
mixture. Infiltration by multinucleated foreign body giant cells 
was evident. Scattered foci of lymphocytic infiltration were 
seen in the stroma of the AVM. No sign of necrotizing arteritis 
or acute inflammatory change could be found. 

Six months.—A 28-year-old woman presented with a mas- 
sive AVM of the right face. Two preoperative embolizations 
were performed with the Bucrylate-Pantopaque mixture, and 
6 months later a wedge resection of the right upper lip was 
performed. The embolized channels contained a modest for- 
eign body giant cell reaction, but there was no evidence of 
metaplasia or chronic inflammatory response (Figs. 5 A,B). 

One year.—A 15-year-old boy had had multiple hemor- 
rhages from a scalp AVM. During one intraoperative emboli- 
zation, tissue was recovered from an area that had been 
embolized 1 year previously. Microscopic analysis demon- 
strated a mild foreign body giant cell reaction, but there was 
no evidence of metaplasia (Fig. 6). 

Seven years.—A 30-year-old woman presented with sub- 
arachnoid hemorrhage. Seven years before, she had under- 
gone partial embolization of a left temporooccipital AVM. 
During intraoperative embolization, tissue was recovered from 
the area previously treated with the mixture. Histologic analy- 
sis showed numerous vascular channels filled with loose 
granular refractile material (Bucrylate). Connective tissue 
strands traversed the plastic. Scant foreign body giant cells 
and macrophages were evident. Nq sign of acute or chronic 
inflammatory change or of metaplasia could be found (Fig. 7). 
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Fig. 6—Case 9. Scalp, 1 year; specimen con- 
sists of an artery occluded by organized thrombus 
consisting of numerous foreign body giant cells 
(arrows) and interwoven connective tissue. Irreg- 
ular linear clefts are found in cytoplasm of giant 
cells. (Virchow Van Giesen x148) 


Fig. 7.—Case 10. Brain, 7 years; many vas- 
cular channels are filled with loose granular tissue 
and Bucrylate clumps (arrows), which are tra- 
versed by connective tissue strands. Only a small 
number of foreign body giant cells and macro- 
phages are present. (Virchow Van Giesen x147) 


Discussion 


Methyl cyanoacrylate, the original homolog evaluated as a 
potential tissue adhesive [16], caused enough inflammatory 
response to discourage its clinical use. Isobutyl-2-cyanoac- 
rylate (IBCA, Bucrylate) retains the desired physical properties 
of rapid polymerization and low viscosity and, in addition, 
causes significantly less tissue reaction when placed in con- 
tact with tissues other than arteries [8]. Tissue reaction is not 
unique to IBCA and has been described by some investigators 
to be similar in degree and kind to that seen with nonabsorb- 
able silk suture [17]. 

White et al. [18] questioned the safety of Bucrylate. They 
found a marked response to intraarterial IBCA in swine, 
consisting of disruption of the internal elastic lamella and 
varying degrees of chronic inflammatory foreign body giant 
cell reaction. The question of carcinogenicity was raised. 
Similar inflammatory changes were noted in our canine ex- 
periment, but by 4 weeks, they had largely disappeared. This 
degree of inflammation was not generally seen in our human 
subjects who were on steroids before and after embolization, 
but inflammatory changes were present in the specimens 
obtained at 3 days and at 1 week. In addition, one of the 
earliest reports of Bucrylate noted that only about 15% of the 
intraarterial cast was in actual contact with vessel and endo- 
thelium [7]. We observed this finding as well, but wondered 
if it was not due to artifact caused by the reagents used in 
fixing and dehydrating tissues, all of which dissolve Bucrylate 
to some degree. 

The renal infarctions seen in the dogs are of concern unless 
infarction is a desired result. Embolization using gelatin foam 
and other particles has resulted in hepatic infarction [19]. 
Depending on the particulate size and the end organ, any 
kind of embolic material is capable of producing ischemic 
infarction [2, 20-22]. 

Vinters et al. [23] reported their experiences with two cases 
in which AVMs were resected 42 days and 1 year, respec- 
tively, after embolization with a Bucrylate-tantalum mixture. 
In both of these patients they noted a brisk intimal foreign 
body giant cell reaction where the Bucrylate touched the 
vessel wall. Both patients had previously been treated with 
either polyvinyl alcohol foam or gelatin foam. They conclude 
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that the Bucrylate used with tantalum was able to produce a 
mild chronic inflammatory response. We concur that these 
changes do not appear to be as profound as those described 
by others [18]. Perhaps some of the different observations 
can be attributed to the specific tissue being embolized. We 
observed that the degree of organization both within the 
lumen and in the perivascular space is much more marked in 
specimens not related to the central nervous system—case 
8, Fig. 5 (facial) and case 9, Fig. 6 (scalp). Another possible 
cause for change in the amount of response is pretreatment 
with steroids. This, in part, could help explain the difference 
noted between kidneys of the non-steroid-treated dogs and 
the steroid-treated human subjects. 

The histologic changes seen with most embolic materials, 
including the Bucrylate mixture, are perhaps in part due to 
the effects of ischemia itself, but certainly there is some 
irritation from the mixture as evidenced by the acute vessel- 
wall necrosis occasionally observed. It should be noted that 
(1) vessels embolized with the cyanoacrylate are permanently 
occluded; (2) the acute inflammatory changes resolve with 
time to form a bland obliterative endarteritis; and (3) there is 
no sign of metaplasia. 

lsobutyl-2-cyanoacrylate is still an experimental device and 
requires an investigational new-device registration from the 
Food and Drug Administration for its use. With the information 
presently available about its histotoxicity, continued use ap- 
pears reasonable for the treatment of life-threatening arterial 
abnormalities. 
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Technical Note 





Guided Direct Antegrade Puncture of the Superficial 


Femoral Artery 


Howard L. Berman,’ Stuart G. Katz, and Dennis P. Tihansky 


Superficial femoral artery (SFA) angioplasty is best per- 
formed by antegrade puncture of the common femoral artery 
(CFA). Catheterizing the SFA from the common femoral ap- 
proach may be difficult, especially when the catheter/quide- 
wire combination preferentially advances down the deep fem- 
oral artery (DFA), rather than the SFA. Several technical notes 
describe methods for repositioning the catheter from the DFA 
to the SFA. These include use of a special skde-hole catheter 
such as a Cope introduction catheter [1], the soft outer jacket 
of a variable-stiffness guidewire [2], and a special curved 
sheath/needle set [3]. All of these maneuvers, however, 
require successful initial catheterization of the CFA. Fre- 
quently, a high bifurcation of the CFA may result in too short 
a vessel to puncture safely below the inguinal ligament and 
still be above the origin of the SFA. Obesity and a weakly 
palpable pulse may further compound the problem. The worst 
possible situation occurs when a successful antegrade punc- 
ture is performed in a difficult patient, but the arterial access 
must be abandoned because the Initial puncture was into the 
DFA. In such cases, the SFA may have to be punctured 
directly with care taken to avoid the DFA. We recommend a 
simple technique for selective antegrade puncture of the SFA 
using the placement of a “target” guidewire. Figures 1-3 
illustrate the use of this procedure. 


Technique 
Via retrograde puncture of the contralateral CFA, either as 
part of the initial diagnostic evaluation or as preparation for 
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the angioplasty, a catheter is advanced over the aortic bifur- 
cation and down the opposite iliac artery to selectively cath- 
eterize the SFA. A guidewire is then advanced through the 
catheter into the SFA, while the catheter is pulled back into 
the external illac artery. The guidewire then serves as a fixed 
landmark for the SFA. The puncture is performed with the 
patient placed in the ipsilateral anterior oblique position. This 
will separate the SFA and the DFA, thereby facilitating punc- 
ture. Using fluoroscopic control, an anglographic needle is 
advanced by antegrade puncture toward the target wire. We 
prefer to use a one-wall arterial needle (Cook, Inc., Blooming- 
ton, IN) for these punctures rather than the standard two- 
piece Seldinger needle, because it offers better control during 
fluoroscopic positioning. When fluoroscopically checking po- 
sition, the needle is supported with a hemostat to prevent 
irradiating the angiographer’s hands. 

Fear of damaging the guidewire during needle puncture 
appears unfounded. Multiple attempts to damage the wire in 
an experimental model failed to produce any significant dam- 
age, nor has the wire been injured during actual use. The 
slow advancement of the one-wall needle also serves as an 
additional safeguard to prevent traumatizing the wire. Guide- 
wires have been similarty used as targets during retrograde 
puncture of the common femoral artery before iliac artery 
angioplasty [4]. if the SFA is of such a small caliber that a 
guidewire might compromise the lumen, making direct punc- 
ture difficult, the guidewire can be pulled back just proximal 
to the needle’s planned point of entry into the vessel. This 
will still allow the wire to serve as an accurate landmark during 
vessel puncture. 
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Fig. 1.—Patient for superficial femoral artery angioplasty with a 
high common femoral artery bifurcation. Origin of superficial femoral 
artery is only 2 cm below inguinal ligament (dashed line). Bifurcation 
of opposite leg (not shown) is in normal position 4 cm below inguinal 
ligament. All measurements have been corrected for magnification. 
Superficial femoral artery (solid arrow) projects between muscular 
trunk (solid arrowhead) and lateral circumflex branch (open arrow) of 
deep femoral artery. 





Fig. 3.—Using target wire (solid arrow) as a visual guide, direct antegrade 
puncture of superficial femoral artery was performed. Dashed line approximates 
inguinal ligament, while open arrowhead represents actual site of superficial 
femoral artery puncture. 


Fig. 2.—After selective catheterization of right superficial femora artery via retrograde 
left femoral puncture, a guidewire has been positioned as a target for right antegrade 
superficial femoral artery puncture. 


Discussion 


When high bifurcation of the CFA results in too short a 
vessel to puncture safely below the inguinal ligament and still 
be above the origin of the SFA, direct puncture of the SFA 
may be the best alternative in order to perform successful 
angioplasty. Direct puncture of the SFA has Deen reported by 
Rapoport et al. [5] to be associated with an increase in 
pseudoaneurysm formation because of the low puncture of 
the SFA below the femoral head and beyond the protection 
of the femoral sheath. We have not had any difficulty with 
SFA punctures as described, but this may be because we are 
puncturing the unusually high SFA at the level of the femoral 
head and therefore taking advantage of the same hemostatic 
mechanisms available to the CFA when punctured at the 
same level. Although especially useful for direct SFA puncture 
in the patient with high CFA bifurcation, we routinely use this 
technique for catheterizing the CFA in patients with normal 
vascular anatomy, but who may be difficult to puncture be- 
cause of obesity or weak femoral pulse. Benefits include 
fluoroscopic guidance for puncture of the CFA, as well as a 
landmark for the origin of the SFA off the CFA. This is 
particularly valuable when there is a stenoss of the origin of 
the SFA. The goal of the arterial puncture is the successful 
catheterization of the SFA either by direct puncture of the 
high origin of the SFA or by manipulation after puncture of 
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the CFA. As long as the needle has been inserted along the 
course of the target wire, the puncture should be adequate 
for successful catheterization of the SFA, since the SFA or 
CFA will have been entered and the profunda femoris avoided. 
If the CFA is punctured, the guidewire will still serve as a 
landmark for the SFA to aid in selective catheterization. The 
guidewire is superior to contrast injection for vessel localiza- 
tion because once the wire is placed it is better imaged and 
serves as a constant target. This allows careful needle posi- 
tioning, without the disadvantages of only transient vessel 
opacification and a significant Increase in contrast load. The 
' guidewire also eliminates the difficulty of separating the DFA 
and the SFA during the fiash filling of these vessels within the 
small fluoroscopic field. 

Overall, the routine use of a target guidewire placed before 
the antegrade puncture of either the SFA or CFA should 
facilitate SFA angioplasty. Its true value, however, is seen in 
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patients with difficult anatomy In whom catheterization may 
otherwise be exceedingly complex. 
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Unusual Hepatic Venous Drainage in Inferior Vena Cava 
Obstruction: Demonstration by MRI 


Claude Guinet,’ Didier Mathieu,’ Jean-Michel Métreau,? Daniel Dnumeaux,* and Norbert Vasile’ 


MRI has been proposed for evaluation of the status of the 
liver [1]; this technique appears to be particularly useful in 
demonstrating the intrahepatic vessels [2]. We report an 
unusual case of an intrahepatic collateral pathway resulting 
from inferior vena cava (IVC) obstruction, which was misin- 
terpreted initially by CT and diagnosed easily by MRI. 


Case Report 


A 45-year-old man presented with a 6-month history of lumbar 
pain. Several cysts were discovered in both kidneys on sonography, 
and a focal hypoechoic lesion was noted in the upper part of the right 
lobe of the liver. Results of physical examination and liver tests were 
normal. Precontrast CT scans showed a well-defined hypodense area 
(43 H), 4 cm in diameter, located in the right lobe close to the right 
portal vein. No enhancement was noticed at the arterial phase, 15 
sec after bolus injection of 60 ml of sodium meglumine ioxithalamate 
(Telebrix 38, Laboratoire Guerbet, 93601 Aulnay-s. Bois, France). In 
the portal phase, 30 sec after bolus injection, the lesion exhibited a 
fleeting enhancement (85 H) with a slight compression of the right 
portal vein (Fig. 1). This abnormality disappeared 1 min after injection, 
becoming isodense with the neighboring parenchyma. The hepatic 
segment of the IVC was not seen, and the azygos veins were slightly 
enlarged in the retrecrural space. 

Because of suspicion of hepatic tumor, MRI was performed using 
a 1.5-T supercondueting magnet (Signa, General Electric, Milwaukee, 
WI). Images were obtained in transverse and coronal planes using 
multislice spin-echo (SE) technique. T1 weighting was achieved with 
a repetition time (TR) of 500 msec and an echo time (TE) of 25 msec, 
and T2 weighting was achieved with a TR of 1400 msec and a TE of 
40-80 msec. In the area described previously, MRI revealed a lack 
of signal, suggesting a vascular structure. Contiguous transverse 
scans showed that the lower part of this structure was continuous 
with the IVC, and its upper part was continuous with the right hepatic 
vein (Fig. 2). Coronal scans revealed the abnormality fully, demon- 
strating normal IVC in its infrarenal segment, nonvisualization of IVC 
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in its hepatic segment, and abnormal intrahepatic circulation cons 
ing of a pseudo-aneurysmal structure draining into the right hep 
vein (Fig. 3). The two other main hepatic veins were patent. Th 
findings were confirmed by a cavogram (Fig. 4). 


Discussion 


Congenital or acquired abnormalities of the hepatic s 
ment of the IVC may lead to various types of collat 
pathways, depending on the site of IVC interruption. A w 
known collateral circulation is continuation of the azygos \ 
due to congenital absence of the hepatic segment of the | 
This malformation has been described by CT [3] as well 
by MRI [4], and it is not associated with abnormal intrahep. 
circulation. Collateral pathways may be encountered wi' 
the liver in membranous or tumoral obstruction of the |" 
however [5, 6]. In our patient, the cause of IVC obstruct 
remained unknown. As assessed by MRI and cavograr 
the obstruction was located between the ostia of the m 
hepatic veins and that of the accessory hepatic veins drair 
into the IVC at a lower level. At this site, an intrahep 
collateral pathway developed, which consisted of an enlari 
accessory vein draining directly into the right main hep 
vein. This vessel, visualized on MRI (Figs. 2 and 3), m 
likely corresponds to the right inferior hepatic vein. A ri 
inferior hepatic vein is present normally in 10% of the po 
inferior hepatic vein is present normally in 10% of the po 
lation [7] and contributes to drainage of the right hepatic Ic 
Presence of this vein as the collateral pathway could exp 
why, despite IVC obstruction, azygos circulation was 
slight. Such collateral circulation through the right infe 
hepatic vein has recently been documented on CT by T 
ayasu et al [6] in three patients with tumoral obstructior 
the IVC. 
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Fig. 1.—CT scan, 30 sec after bolus 
injection, shows enhancement of area (ar- 
row) Close to right portal vein. 


Fig. 2.—MRI (TR = 500 msec, TE = 
25 msec) in axial transverse plane shows 
lack of signal in abnormal area (arrow). 


Fig. 3.—MRI (TR = 500 msec, TE = 
25 msec) in coronal plane. Venous 
pseudo-aneurysmal structure draining di- 
rectly into right hepatic vein (arrow). 


Fig. 4.—-Cavogram shows absence of 
hepatic segment of inferior vena cava with 
slightly enlarged azygos vein (arrow) and 
intrahepatic collateral circulation draining 
into right hepatic vein (asterisk). 
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Radiologic Consultation: 
Its Application to an Acute Care 
Surgical Ward 





Over an 8-month period, all requests for imaging tests on an acute care surgical ward 
were discussed and approved by a radiologist who made daily rounds with the surgical 
staff. Compared with an equivalent interval before the start of the consultation service, 
the number of sonograms, CT scans, scintigrams, and barium studies decreased 
significantly, while the number of endoscopic procedures remained constant. The 
average length of stay was shortened by 2.8 days during the experimental period. 


The implementation of cost containment regulations, such as prospective pay- 
ment reimbursement through diagnostic related groups (DRGs), has focused 
attention on the need to improve efficiency in the planning and performance of 
diagnostic investigations. A greater reliance on outpatient evaluation can reduce 
hospitalization time for those who are not acutely ill. However, hospital-based 
innovations also are needed, especially for patients with emergent conditions. 
Radiologic consultation is one proposal to expedite diagnostic evaluations, as it 
offers the initial and sustained participation of a radiologist in clinical decision 
making. 

Previous reports have emphasized the usefulness of radiologic consultation for 
specific clinical presentations and have demonstrated its role in altering test- 
ordering patterns in an acute care medical ward [1-4]. In surgery, too, patients are 
frequently subjected to a battery of imaging studies to achieve a prompt diagnosis. 
The purpose of this paper is to assess the effect of consultation on radiologic 
examination choices and lengths of stay for patients in an acute care surgical ward. 


Materials and Methods 


During the interval of this study, at a general surgery ward at the Bronx Municipal Hospital 
Center, care was provided by a single team consisting of medical students, junior house 
officers, a chief resident, and a roster of supervising surgical attending physiciens. Eighty-five 
percent of admissions entered directly through the emergency room; the remainder were 
either transferred from other services or were admitted electively. In the 8-nonth control 
period, March through October 1983, interaction with members of the Radiology Department 
was limited to ad hoc evaluation of individual patients and a bimonthly Interesting Case 
conference that was attended by all surgical staff members. For most examinations, the 
scheduling process was started by the submission of a requisition form to a cerk, but body 
CT scans required the direct approval of the radiologist assigned to that techrique. Various 
specialists consulted by the surgical team often requested radiologic procedures and some- 
times scheduled them directly. Occasionally, further examinations were arranged by radiology 
subspecialists in order to obtain supplementary diagnostic information. 

In the experimental period (November 1983 through June 1984), one attending radiologist 
served as consultant to the general surgery service. During this time, all radiographic studies 
performed in the previous 24 hr were evaluated®*at a formal imaging conference held each 
weekday morning. The consultant functioned both as advisor discussing the mer ts of specific 
tests in relation to the needs of a particular patient and as educator explaining in general 
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terms the clinical pertinence, limitations, risks, and costs of each 


examination. Every weekday all Imaging studies requested by the ` 


surgical team, or suggested by other physicians were assessed, 
approved, and scheduled by the consultant. Close contact between 
the radiologist and surgeon throughout the day enabled prompt 
response to unexpected occurrences such as machine malfunction 
or change in the patient’s condition, each of which could necessitate 
a modification of the workup. 

Approximately 10% of examinations were conducted without the 
approval of the consultant. Night and weekend emergency studies 
did not require approval. In the first week after a change in house 
staff, some newly assigned physicians inadvertently bypassed the 
consultant’s participation and requested examinations in the tradi- 
tional way. Also, in 11 Instances during the experimental period, the 
surgical staff decided to pursue a diagnostic plan independent of the 
consultant's recommendations. 

For both the control and axperimental periods, the number of 
abdominal plain films, upper gastrointestinal (Gl) series, barium enema 
examinations, sonograms, body CT scans, and nucisar medicine 
procedures were tabulated monthly. Admission and length-of-stay 
data were provided from the hospital’s financial statistics. Errors in 
diagnosis were compiled from the Department of Surgery’s quality- 
assurance reports and from autopsy records. 

Fifteen percent of the radiologist’s day was spent in reviewing 
completed examinations, presiding at dally conferences, discussing 
requests for studies with radiologic colleagues, and reporting results 
to the surgical team. 


Results 


in the control period, 501 men were admitted and 507 were 
admitted in the experimental interval. Most male patients in 
both periods were between 20 and 50 years old. Admissions 
of women.rose from 220 during the control period to 258 
during the experimental interval, but distribution by age was 
similar In the two periods. Unlike admissions of men, there 
was no predominance of female patients aged 20-50 years, 
because many women in this age group who have acute 
lower abdominal complaints are referred to the Gynecology 
Service. 

Figure 1 contrasts the use of imaging resources for six 
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Fig. 1.—The use of selected imaging studies during the control and expert 
mental periods. ABD = plain films of the abdomen as a separate examination; 
NUCL = nuclear madicine scans; US = ultrasound (sonograms); BE = barium 
enemas; UGI = upper gastrointestinal series. 
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frequently requested examinations. Only abdominal plain 
films, which increased by 16%, were obtained more often 
when radiotogic consultation was available. Sonographic pro- 
cedures were reduced by 29%, nuclear medicine scans de- 
clined by 33%, and there was a 39% decrease in body CT 
examinations. The greatest differences were In the use of 
barium studies. Barlum enemas were reduced by 42% during 
the experimental period and upper Gi series were performed 
in only 34 patients compared with 135 during the control 
period, a reduction of 73%. 

Although the radiologist consultant did not have direct 
Influence on the scheduling of endoscopic examinations, 
these procedures were sometimes suggested as alternatives 
to barium studies of the Gl tract. Little change occurred in 
the use of colonoscopic studies; 18 were done in the control 
period and 19 were performed in the experimental period. 
Similarly, endoscopic upper GI examinations remained rela- 
tively constant, increasing from 26 to 28. 

Surgical Intervention can provide objective evidence of 
diagnostic errors. This information was routinely included In 
the Department of Surgery monthly quality-assurance report. 
Diagnostic errors related to imaging tests and confirmed at 
surgery were found once when radiologic consultation was in 
effect and twice in the contro! period. There were 18 deaths 
In the expeimental period, two of which were related to an 
Incorrect diagnosis suggested by imaging examinations. 
Twelve deaths occurred In the contro! Interval, and in one an 
error in interpretation of a body CT study was revealed at 
postmortem examination. However, the few autopsies per- 


- formed during both periods did not permit a statistically valid 


comparison of deaths due to imaging errors. 

Also, the lengths of stay for both men and women de- 
creased when radiologic consultation was in effect (Table 1). 
Time spent In the hospltal is the sum of acute care days, 
mvolving diagnosis and treatment, and alternate level of care 
days, the recuperative interval when the patient is no longer 
acutely ill but remains hospitalized awaiting transfer to another 
facility. Alternative level of care time was similar in both 
periods, but average length of stay for acute care declined by 
2.8 days during the experimental interval. 


Discussion 


Radiology occupies a central position in the evaluation of 
acutely ill surgical patients. The availability of imaging studies 
is essential for the prompt determination of a diagnosis, the 
planning of an operative approach, and the monitoring of the 
consequences of treatment. Too often, physicians choose a 


‘TABLE 1: Length of Stay Differences 





Average Length of Stay (days) 
Control Period Experimenta! Period 


Male 19.7 17.5 
Female 24.1 20.5 
Overall 21.4 18.4 
Alternate care days 6.2 6.0 
Acute care days* 15.2 12.4 





* Differences in acute care days = 2.8 days. 
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sequence of tests without a complete understanding of the 
advantages, limitations, risks, and costs of particular meth- 
ods. Frequently, a diagnosis is delayed when inappropriate 
procedures are requested, especially if several diagnostic 
aims are pursued simultaneously [5]. 

The advent of prospective payment reimbursement based 
on DRGs has stimulated an evaluation of cost-effective inno- 
vations for hospital-based medical care. Radiologists can 
make a diagnostic evaluation more efficient by providing 
regular assistance to the referring surgeon in the structuring 
of a sequence of examinations. Consultation is one mecha- 
nism by which the radiologist’s advisory function can be 
acknowledged and formalized. 

Our previous experience with radiologic consultation on an 
acute care medical ward has demonstrated that the radiolo- 
gists’ involvement was not perceived as an unwelcome intru- 
sion [2]. Similarly, in surgery, the value of daily conferences, 
frequent discussion with imaging subspecialists, and rapid 
response to the results of completed tests were regarded 
favorably. The consultant's surveillance of requests for radio- 
logic examinations was rarely circumvented by house officers 
and attending staff, although they always had that option. For 
most membes of the surgical team, daily rounds were appre- 
ciated as their first sustained exposure to radiology teaching. 

The impact of the consultant service on quality could not 
be measured fully in this study. However, the data on diag- 
nostic errors, while scant, support the view that a decrease 
in use of imaging studies, which were directly monitored by 
the radiologist consultant, did not have an adverse impact on 
the accuracy of diagnosis. 

The only examination obtained more often during the ex- 
perimental period was the plain film of the abdomen. Patients 
with bowel obstruction were followed with frequent films to 
gauge response to nonoperative treatment. The high per- 
centage of narcotics abusers admitted to the surgical service 
during both intervals often mandated a plain film of the 
abdomen to evaluate the severity of constipation before pro- 
ceeding with contrast studies or other radiologic procedures. 
Abdominal plain films cannot determine the completeness of 
bowel preparedness, but they can designate those patients 
for whom vigorous preparation is needed. 

Nuclear medicine tests would have been reduced even 
further were it not for the value placed on cholescintigraphy 
using °™Tc-IDA in the diagnosis of acute cholecystitis. As 
cholescintigraphy increased during the experimental period, 
there was a decline in other nuclear imaging studies, espe- 
cially °™Tc liver-spleen examinations. The presence of com- 
peting techniques, including sonography and CT, often made 
nuclear imaging of the liver redundant in the evaluation of 
hepatic masses [6]. 

The emphasis on cholescintigraphy served to decrease 
sonographic examinations for acutely ill patients with fever 
and right-upper-quadrant pain. Also, sonography was used 
less often in the assessment of pancreatic morphology during 
the first phase of acute pancreatitis. The presence of intestinal 
gas can make sonography nondiagnostic in the evaluation of 
pancreatic abnormalities. 

CT scanning was regarded as the procedure of choice for 
the depiction of most intraabdominal abscesses. In the control 
period, imaging subspecialists frequently requested correla- 
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tive information after a diagnosis had been made by some 
other imaging examination. The consultant sanctioned only 
those examinations that advanced the patient’s diagnosis or 
led to prompt initiation of therapy. When a decision had to be 
made whether to secure supplementary studies or to start 
treatment, the bias of the consultant was usually toward the 
latter, resulting in fewer nonessential CT scans during the 
experimental period. 

Secondary problems, such as anemia and nonacute Gl 
bleeding, were often evaluated after the diagnosis and treat- 
ment of the primary condition. This led to a decrease in barium 
enema examinations because often, in the experimental pe- 
riod, bowel studies were obtained only after the patient was 
discharged from the hospital. Moreover, few inpatients were 
studied by barium enema, because colonoscopy was usually 
a preferred first test. 

For patients with upper-intestinal-tract bleeding the GI se- 
ries was often redundant. Many admissions were alcoholics 
who had recurrent episodes of upper GI hemorrhage and for 
whom the cause of bleeding was already known. In others, 
prompt upper endoscopy was recommended as the better 
examination to determine the site of hemorrhage. In the 
control period, the usual practice was to request both upper 
GI series and endoscopy, with the barium study often per- 
formed after the endoscopic findings were known. 

For all patients, the decision to use barium was considered 
by the consultant in the context of an overall diagnostic plan. 
Too often, poorly designed workups add to length of hospital 
stays as patient and physician wait for barium to pass through 
the intestinal tract. The presence of large quantities of retained 
barium prohibit a complete evaluation of the abdomen with 
sonography, CT, angiography, or gallium scintigraphy. In 
many instances diagnostic workups were expedited when 
barium examinations were withheld. 

A previous investigation of radiologic consultation on an 
acute care medical ward showed that, although overall length 
of stay did not decrease, the evaluation time for specific 
patients was shortened [1]. In that series, most nonsurgical 
patients had illnesses that were promptly diagnosed, often 
without the need for a series of imaging examinations. Their 
lengths of stay were primarily governed by the requirements 
of treatment. However, in surgery, many more cases required 
a sequence of radiologic studies to reach a diagnosis. Hence, 
radiologic consultation for individual surgery patients could 
eliminate scheduling of an additional imaging examination that 
could impose an extra day of hospitalization. Although it is 
possible to perform two or more studies in 1 day, the practi- 
calities of patient flow and the demands of preparation on 
debilitated patients limit opportunities to accelerate workups. 
Consultation, by restricting procedures of marginal clinical 
utility, can save hospital days without affecting treatment or 
recuperation time. 

The patient populations in the experimental and control 
periods were similar in number and age distribution. However, 
no attempt was made to compare the kinds of diseases or 
disease severity in this group. The control group may have 
had a significantly greater percentage of patients who had 
complicated disease of greater severity and thus spent more 
time in the hospital. Prospective payment for Medicare pa- 
tients was not a factor during either phase of the study 
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because New York State received a walver from DRG reim- 
bursement, which expired on December 31, 1985. However, 
cost consciousness and fiscal restraint Imperatives may have 
increased as this study progressed and in turn may have 
promoted earlier discharges and shortened length of stay, 
especially in the experimental period. Therefore, the data 
reported here shoukd be regarded as tentative, requiring 
further study to more precisely define the contribution of 
radiologic consultation to savings in inpatient days. 
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Computerized Reference Management: Searching the 


Literature 


Jud W. Gurney’ and Robert S. Wigton? 


With the addition of more than 225,000 articles yearly to 
the medical literature, it becomes increasingly difficult for the 
practicing radiologist to keep abreast of medical knowledge. 
This problem is not limited to radiology. Over one-third of 
recently surveyed internists and otolaryngologists expressed 
dissatisfaction with their ability to keep up with new devel- 
opments [1]. Personally searching a topic through volumes 
of Index Medicus is frustrating and time consuming. Searches 
performed by medical librarians can be very expensive and 
may take several days to complete, limiting their use to the 
most important problems. To help in gathering pertinent med- 
ical literature, one academic Radiology Department has de- 
veloped a comprehensive information service using a clinical 
medical librarian [2]. A similar project proved successful in a 
Department of Medicine [3]. 

However, most academic departments and private physi- 
cians do not have the funds to support such an undertaking. 
The introduction of the personal computer has revolutionized 
access to the scientific literature, making individualized com- 
puter searches in the office or at home possible and less 
expensive than a medical librarian’s. With a small amount of 
time and effort, a radiologist can learn the techniques of 
computerized bibliographic retrieval. Database services, both 
public and private, provide access to the world’s medical 
literature. These services differ in ease of use, cost, and 
capability of extracting the desired information. 


Bibliographic Searching 


The most important medical database is MEDLINE, the 
computerized counterpart of Index Medicus. MEDLINE is one 
of several databases compiled by the National Library of 
Medicine in a database service known as MEDLARS (Medical 
Literature Analysis and Retrieval System). MEDLINE contains 
over 4 million references from more than 3200 journals, 
divided into back files covering 1966 to the present. 

The literature may be searched by hand with /ndex Medicus 
or by computer with MEDLINE, but the contrast is striking. 
More search terms are available on-line than through /ndex 
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Medicus. Citations are printed in Index Medicus under one to 
three headings but may be listed under 20 or-line. MEDLINE 
citations may be located by language, geographic area, or a 
word that appears in the title or abstract; Index Medicus does 
not have this capability. References are available on-line 
weeks before they are printed in /ndex Medicus. Quick reading 
of an abstract often will identify articles worth pursuing, and 
abstracts may be withdrawn from the majority of articles 
accessed in MEDLINE. When using /ndex Medicus, the re- 
searcher must pull and scan each article. While /ndex Medicus 
is usually located only in medical libraries, computerized 


Lung (16 major MeSH heading identified 
in Annotated ‘icSH) 
Lung diseases 


Pulmonary eosinophilia 


Pulmonary fibrosis 

Lung 
Initial deposition pattern of inhaled minerals and consequent pathogenic events at the 
alveolar level. Brody AR, et al. Ann NY Acam Sci 1984;428:108-20 (32 ref.) 


Lung abnormalities (In Index Medicus, each MeSH heading may have up 


to 24 subheadings in which citétions are l- sted.) 
Analysis 


Anatomy and Histology 


Ultrastricture 


Lung diseases 


Fig. 1.—Bibliographic search on pulmonary processes that oredominate im 
the upper lobes of the lung. For the year 1984, 52 pages were reviewed 
including 16 major MeSH headings previously identified in the Annotated MeSH. 
Over 4500 citations were scanned, 32 were noted as possibly relevant. Total 
search time exceeded 1 hr. 
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/login 

PLEASE ENTER USERID/PASSWORD OR LOGON 
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Hello from the National Library of Medicine's ELHILL 
Retrieval System 
S5 LG? (search statement 1) 
USER: 

file medline (connect to MEDLINE current file 1980- 


PROG: 


YOU ARE NOW CONNECTED TO THE MEDLINE FILE 


$5 2/C? 

USER: 

exp lung diseases (explode instructs the computer to gather together the MeSH heading 
Lung Diseases with all the more specific MeSH headings related to lung diseases) 


PROG: 

SS (2) PSTG (4568) (4568 postings in MEDLINE concerning lung diseases) 
SS 3/C? 

USER: 


(tw:text words-instructs the computer to find those titles and 


(tw) upper and lobe 
abstracts that contain both the words upper and lohe 
PROG: 


SS (3) PSTG (184) (184 articles contain both the words upper and lobe in title or abstract) 


SS 4/C? 

USER 

2 AND 3 
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SS (4) PSTG (49) 


(49 articles contain both the concept of lung diseases and the 


text words upper and lobe) 


SS 5/C? 

USER: 

4 and not for (la) (eliminates foreign language articles) 
PROG: 


SS (5) PSTG (42) (42 articles identified with all the above criteria) 


SS 6/C? 
USER: 


( 


prt compr iprint compressed instructs the computer to begin printing results of 


search. Compressed causes multiple data elements to print on one line saving paper.) 
PROG: 

l 

AU - Israel PH;Poe RH;Greenblatt DW;Swalbach WG 


cavity lung disease. 


SO - Nespiration 1985:47 /?):-151- 
\ ` SPIT ail S72 ae ie | 


Fig. 2.—MEDLARS' search to find recent literature on lung diseases in 
upper lobes. Performed by a medical librarian, search cost $17 with turnaround 
time of 28 hr. Same search on a home microcofhputer took 15 min, cost $4.50, 
and was downloaded into a database manager for storage. Parenthetic state- 
ments give brief description of commands and output from MEDLARS' search. 
User input is in lower-case type. 


searches may be performed anywhere that is equipped with 
a microcomputer and the appropriate modem and software. 

Searches on MEDLINE can be intricately constructed and 
tailored by author's name, journal of publication, a word in 
the title, or one or a combination of 14,000 medical subject 
headings (MeSH terms) used by the National Library of Med- 
icine in indexing and cataloging materials. A useful tool when 
planning a search strategy, MeSH is a thesaurus of terms 
used in indexing and analyzing the literature. Several books 
published by the National Library of Medicine arrange MeSH 
headings in different sequences convenient for searching. 
Annotated MeSH is an alphabetical list of MeSH headings, 
each of which provides information and history on its use, 
cross-references to other MeSH headings, and synonyms 
that may lead to preferred terms. Permuted MeSH takes each 
significant word that appears in every MeSH heading and lists 
all associated MeSH headings in which that word appears. It 
is useful in researching topics not covered in a single MeSH 
heading. A topic such as “solitary pulmonary nodule,” when 
examined in Permuted MeSH under “pulmonary,” cross-ref- 
erences to “coin lesion, pulmonary,” a related heading but 
one that might be missed in the alphabetical list. Related 
headings that may be more appropriate for searching are 
found in this manner. Tree Structures is a list of MeSH 
headings categorized by subject and arranged in hierarchial 
fashion from general to specific. A search may be narrowed 
down to a more precise MeSH heading, providing a higher 
proportion of relevant articles for retrieval. 

To find references to a particular clinical problem, one would 
consult the MeSH manuals to identify pertinent headings and 
then review monthly and yearly volumes of Index Medicus 
through the desired time span for each of these headings 
(Fig. 1). Although there is no fee for this method, the search 
is tedious, especially if searching is performed over many 
years and volumes. 

For several years, Radiology has published a “Cumulative 
Index,” cataloging articles from many of the major radiologic 
journals. Fewer terms are used in coding than in MeSH 
headings, and they are not organized in a stratified manner. 
While the “Cumulative Index” is easy to use and provides a 
quick reference to the radiology journals, research of a topic 
that spans other journals requires use of /ndex Medicus or 
computerized searches of MEDLINE. 


Computerized Retrieval 


Until recently, only librarians and specialists with extensive 
training performed on-line bibliographic searching. Now, using 
a computer terminal, a modem, a telephone, and a password, 
a radiologist can have access to a wealth of information. The 
process of searching is simple. After connecting on-line to a 
database, the user conducts a dialog with the computer by 
typing in successive queries until the needed references are 
identified. The typical search requires 10-15 min; results can 
then be printed or stored on magnetic tape or disk (down- 
loaded) for later use. 

MEDLINE may be accessed directly through the National 
Library of Medicine using MEDLARS (Fig. 2). Completion of 
a 1-day training course, offered throughout the United States, 
is required before one can use the MEDLARS system. A 
modest investment in searching manuals is also necessary to 
use MEDLARS fully. The least expensive technique for on- 
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TABLE 1: Interface Programs for Medical Literature Searches 


Title 


Address 





GRATEFUL MED 


Sci-Mate: Online Universal 


MEDLARS Management Section 
National Library of Medicine 
Bldg. 38A, Rm. 4n421 

Bethesda, MD 20894 

(301) 496-6193 

ISI Institute for Scientific Informa- 
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System Requirements 


IBM PC (or compatible) with 256K 
RAM and one double-sided 
double-density disk drive 


Apple ][+ with CP/M 2.2 (56K) 


Searcher? tion 
3501 Market St. 


and two floppy disk drives, or 
IBM PC (or compatible) 


University City Science Center 


Philadelphia, PA 19104 


(800) 523-4092 


Pro-Search? Menlo Corporation 


4633 Old Ironsides, Suite 400 
Santa Clara, CA 95050 


(408) 986-0200 


a See Wigton [5]. 
° See Wigton [6]. 


TABLE 2: Database Services 
——— a, 
National Library of Medicine (NLM) 
MEDLARS Management Section 
National Library of Medicine 
8600 Rockville Pike 
Bethesda, MD 20209 
(301) 496-6193 
Bibliographic Retrieval Services (BRS) 
BRK THRU 
BRS After Dark 
BRS/Colleague 
1200 Route 7 
Latham, NY 12110 
(800) - 2 - ASK BRS 
DIALOG Information Services, Inc. 
Dialog 
Knowledge Index 
3460 Hillview Avenue 
Palo Alto, CA 94304 
(800) 334-2564 
PaperChase 
Beth Israel Hospital 
330 Brookline Avenue 
Boston, MA 02215 
(617) 735-2253 
AMA/GTE Medical Information Network (MINET)? 
GTE Telenet Medical Information Network 
8229 Boone Blvd. 
Vienna, VA 22180 
(703) 442-2500 


® Not mentioned in text. Contact GTE for further information. 


line bibliographic retrieval, MEDLARS provides the capability 
to perform the most sophisticated of searches, tailored to 
individual needs. 

For the occasional searcher who may not be interested in 
learning the complexities of the MEDLARS system, the Na- 
tional Library of Medicine has recently offered a user-friendly 
software package named GRATEFUL MED (Table 1), de- 
signed to simplify the search process. The user constructs a 
search off-line and then connects to the on-line service by 
filling out a series of screen menus. The software then con- 


IBM PC (or compatible) with 256K 
RAM 


nects to the library's computer, performs the search, and 
downloads the results. Off-line, the user assesses retrieved 
citations for appropriateness. GRATEFUL MED then analyzes 
the articles judged to be relevant and nonrelevant and sug- 
gests MeSH headings that may be useful in further search. 


Database Vendors 


MEDLINE may also be accessed by one of the commercial 
database services, such as DIALOG or Bibliographic Retrieval 
Services (BRS), which lease MEDLINE from the National 
Library of Medicine. A subscription to these services (Tables 
2 and 3) offers an alternative to the use of MEDLARS. 

These vendors, though somewhat more expensive, offer 
several advantages. First, they provide access to a wide 
number of databases. DIALOG, for example, offers more than 
200, including additional medical databases such as Biosis 
Previews, Embase (Excerpta Medica), and Sci-Search, as 
well as databases covering business, basic sciences, law, 
and so on. A radiologic user may wish to access these other 
databases for topics such as physics, computer imaging, or 
education [4]. 

A second advantage of a database service is that the 
vendor provides searching commands and menus that are 
not only easier to use than those of the individual database, 
but are similar across all of the databases offered; once the 
commands for one database are learned, there should be no 
trouble with the others. The disadvantage of these “user- 
friendly” commands is the lack of flexibility in planning and 
performing searches. In general, reference retrieval is less 
comprehensive and specific than in literature searches using 
the direct access of MEDLINE from MEDLARS (Fig. 3). 

A third advantage is the expanding variety of new offerings 
in addition to bibliographic databases. BRS/Colleague, for 
example, offers several full-text journals and textbooks on- 
line. The entire contents of journals such as Annals of Internal 
Medicine can be searéhed through this service. At present, 
graphs and photographs are not retrievable, although it is 
possible that this material will also be transmissable soon. 
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TABLE 3: Database Costs 
SS 





cout MOY awra Maa 
NLM 
Day $22 0 0 10 
Night $15 
BRS 
/Colleague $15 $125 6° 
($50, manuals) 
Day $32 
Night $20 
After Dark’ $22 $12 $75 66 
BRK THRU $75 79 
Day $44 0 
Night $28 
DIALOG $36 0 0 220 
($50, manuals) 
Knowledge Index? $24 0 $35 31 
PaperChase 
Day $23° 0 0 1 
Night $22 


* Includes telecommunications charge. 

» Computer and modem prices vary, systems range from $500-5000 

€ Includes 14 full-text journals and 35 full-text books. 

4 Night only. 

° 0.10/reference displayed, 0.10/abstract displayed, 0.10/search statement. 


New Methods of Access 


Even with the standardized and easier-search languages, 
many users find the database services too difficult and too 
expensive. Two new types of products have appeared to 
address these problems: new on-line services and intelligent 
interface programs for the personal computer. 

Bibliographic Retrieval Services offers BRS/Colleague, an 
on-line system with on-screen menus that requires far less 
training to get started and is excellent for the occasional user. 
A similar offering from DIALOG is Knowledge Index. Like 
Colleague, Knowledge Index is an on-line service that is easier 
to learn and use. For those concerned with the high price of 
searching, BRS offers BRS After Dark, which provides 
Searching during off hours for substantially lower prices than 
daytime search. 

Another approach in easing access to the computer serv- 
ices is using an intelligent interface program with the personal 
computer (Table 1). These programs, such as Pro-Search 
and Sci-Mate, not only take over the chores of getting con- 
nected to the on-line service, they also translate search 
requests into the special command language of the on-line 
service. 

The Sci-Mate Universal Online Searcher is a product of the 
Institute for Scientific Information, the producers of Current 
Contents and Science Citation Index. Sci-Mate offers a series 
of menu choices by which one can set up search strategies. 

Pro-Search (previously In-Search) facilitates searching of 
either Bibliographic Retrieval Services or DIALOG databases. 
Pro-Search users can call up comprehensive information 
about the organization, contents, and special features of each 
of the databases. Both programs save money by allowing 
one to prepare a search strategy before going on-line, both 
have facilities for downloading selectéd references to disk, 
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PLEASE LOGON: 

+ RES R ERE E EER 

WELCOME TO KNOWLEDGE INDEX 
?BEGIN MEDI! (connect to MEDLINE current file 19% 
? FIND LUNG DISEASE 


SI 1444 LUNG DISEASE (1444 articles identified using the identifier lung disease) 


?FIND SI AND UPPER 
S2 13745 UPPER 
41 SI AND UPPER (find setl and text word upper) 
?FIND S2 AND LOBE 
S3 6117 LOBE 
13 $2 AND LOBE 
?FIND $3 NOT LA=NONENGLISH 
S4 421062 LA=NONENGLISH 
1! $3 NOT LA=NONENGLISH (eliminate foreign language articles 


4th set in medium format, articic 


DISPLAY S4/M/1-11 (print 


The changing spectrum of cystic pulmonary lesions requiring surgical resection in 
infants. 

Schneider JR;St. Cyr JA;Thompson TR;Johnson DE;Burke BA;Foker JE. 

Department of Surgery, University of Minnesota Hospitals, Minneapolis. 

J Thorac Cardiovasc Surg (UNITED STATES), Mar 1985, 89 (3) p332-9,ISSN 0022 


-5223 Journal Code: K9J 


Fig. 3.—MEDLARS’ example from Fig. 2 was searched using MEDLINE 
database through Knowledge Index. Familiar English commands should be 
compared to commands from MEDLARS. Searching strategy is less inclusive 
than through MEDLARS. Eleven articles were identified, compared to 42 by 
MEDLARS. Search was completed in 18 min and cost $6.89. User input is 
indicated by lines beginning with a question mark. 


and both provide automatic dial-up and connection to the 
database. 

Several institutions have developed their own in-house 
searching capabilities by obtaining tapes of the MEDLINE 
database and loading them in their own systems. The most 
successful has been PaperChase, developed at Boston's 
Beth Israel Hospital and now offered as a nationwide on-line 
service [7, 8]. Easy for the novice user, it offers some unique 
features such as the ability to restrict search results to the 
journals shelved in the local library. With the development of 
newer high-capacity data-storage media, such as the laser 
disk, searching locally held subsets of the MEDLINE database 
may soon become a popular alternative to on-line searching 
[9]. 

For each physician, the best system for access to the 
literature will be determined by anticipated frequency of use, 
cost, and individual needs. A recent study evaluating routes 
to the MEDLINE files found all systems capable of retrieving 
the pertinent articles addressing a given clinical problem 
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[10]. As might be anticipated, differences existed in ease of 
use, cost, searching time, and the proportion of articles 
relevant to the topic. Keeping abreast of medical literature is 
a difficult task, but computerized searching makes it easier 
by allowing the individual radiologist easy rapid access to the 
databases. 
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Letters 


« 


Comparison Costs for Hemoccult Tests 


In the April 1986 issue of AJR, Feczko and Halpert [1] presented 
some important and mteresting information regarding the relative 
costs of using double-contrast barium enema (DCBE) or colonoscopy 
to evaluate patients with positive Hemoccult tests. They showed that 
use of colonoscopy to evaluate all such patients was substantially 
more expensive than the use of DCBE. However, to compare the 
costs of the full dlagnostic evaluations of these patients, the costs of 
colonoscopy or sigmoidoscopy used to biopsy lesions found by 
DCBE must be included (Table 1). 

In ther series, 27 of 98 patients had colon carcinomas or polyps 
greater than 5mm diameter. if al patients were initially examined 
with DCBE, and the 27 lesions were biopsied by colonoscopy, the 
cost based on the data in the article would be as shown in Table 1. 

Although it is difficult to be precise on the basis of the distribution 
of disease. cited in the articie, let us suppose that two-thirds of the 
lesions discovered by DCBE could be biopsied via a 60-cm flexible 
sigmoidoscope. The costs would be as shown In Table 1. 

if rigid proctescopy were performed in all 98 patients as an adjunct 
to the DCBE, $5,680 would be added to the totals in the table. This 
would bring the total costs in the above two examples to $49,450 
and $39,550, respectively. 

Each of these approaches stil yields substantial savings over the 
$73,500 required to perform colonoscopy in all 98 patients. Despite 
the fact that some patients with lesions discovered by DCBE will still 
have to undergo endoscopy, DCBE should be the Initial study in the 
evaluation of patients with positive Hemoccult tests. 

Eric L. Bresster 
The University of Michigan Medical School 
Ann Arbor, MI 48109 


TABLE 1: Comparison of Projected Costs 





Cost/ No. of 
Procedure Examina- Examina- Total Cost 
tion tions 
Barium enema $240 98 $23,520 
Colonoscopy for biopsy $750 27 $20,250 
Total ; 
DCBE $240 98 $23,520 
60-cm flexible sigmoidoscopy $200 18 $ 3,600 
$750. 9 6,750 
Total 8 
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Reply 


Thank you for your interest In our article. Your point that many 
patients with lesions seen on DCBE will stil need an 
procedure is recognized, and we acknowledge that additional cost 
will be involved. However, the thrust of our paper was to strike a 
balance between complementary diagnostic procedures used to eval- 
uate the colon. As with other organs, several diagnostic and thera- 
peutic techniques are often used even though there may be redun- 
dancy in the procedures. For screening, these procedures must be 
both thorough and have a reasonable cost. 

Several issues need emphasis. First, a more uniform distribution 


‘of colon neoplasia is now being encountered so that examination of 


the entire colon is necessary. This can be done only by DCBE or 
colonoscopy. Second, a small percentage of lesions is missed by 
endoscopy, and this number may even be higher without a preceding 
DCBE. 

We agree with your conclusion that the DCBE should be the initial 
study in evaluating the patient with a positive fecal occult blood test. 
t has been suggested that a reasonable approach in terms of both 
direct costs (exam costs) and indirect costs (patient and physician 
time), would be a single-day colon evaluation with flexible sigmold- 
oscopy (60 cm) and DCBE [1]. 

Peter J. Feczko 
Robert D. Halpert 
Henry Ford Hospital 
Detroit, Mi 48202 
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Sonographic and Arthrographic Assessment of the 
Shoulder After Operative Repair of a Torn Rotator 
Cuff 


The March 1986 issue of AJR contains an interesting article by 
Crass et al. [1] in which the authors “assess the role of sonography 
in the dagnosis of new rotator cuff tears in the patient with previous 
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rotator cuff surgery.” The study consisted of 40 patients who had 
undergone surgery from 1 week to 6 years earlier. Of the 29 patients 
with recurrent symptoms, 12 underwent shoulder arthrography and 
nine of these eventually underwent reexploration. Two patients with 
surgically documented rotator cuff tears had negative arthrograms 
and one patient without a tear at surgery had a positive arthrogram. 
No explanation is offered for this discrepancy. The authors conclude 
that: “although the numbers are small, our study suggests that 
sonography is more accurate than arthrography in evaluating the 
rotator cuff in the postoperative shoulder.” 

Arthrography in the assessment of symptomatic patients who have 
undergone previous repair of a torn rotator cuff is probably unwar- 
ranted. A recent article by Calvert et al. [2] states: “arthrograms were 
performed in 20 patients at an average of 30 months after operative 
repair of a torn rotator cuff. In 18 out of 20 shoulders, the contrast 
medium leaked into the subacromial bursa indicating a defect in the 
rotator cuff. Despite this, 17 patients had complete relief of pain and 
15 had a full range of shoulder elevation. The results suggest that a 
completely watertight closure is not essential for a good functional 
result, and that arthrography may not be helpful in the investigation 
of failure oftrepair.” 

The subject of rotator cuff disease of the shoulder abounds with 
conflicting data and controversy [3]. However, as stated by Calvert 
et al. “It is probable therefore that subacromial decompression and 
the restoration of a mechanically effective cuff with normal tension 
are more important than an absolutely watertight repair.” 

Sonography may be more accurate than arthrography in assessing 
the need for surgery in patients with symptoms after surgical repair 
of a torn rotator cuff. However, | am sceptical about the clinical 
usefulness of either of these procedures. 

Ferris M. Hall 
Beth Israel Hospital and Harvard Medical School 
Boston, MA 02215 
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Reply 


We thank Dr. Hall for his comments and for drawing our attention 
to the paper by Calvert et al. This lends support to our impression of 
the limited value of arthrography in the postoperative shoulder, which, 
because of the small number of arthrograms in our series, we were 
unable to confirm. 

We disagree with what seems to be the thesis of Dr. Hall's letter 
regarding evaluation of postsurgical patients, in that we feel strongly 
that the patient with recurrent or persistent pain after rotator cuff 
repair requires diagnestic investigation. In our experience, patients 
requiring reoperation for failed rotator cuff surgery have included: (1) 
inadequate anterior acromioplasty, (2) lack of investigation of con- 
comitant acromioclavicular (A-C) joint disease, (3) continued tear or 
retear of the rotator cuff, (4) inadequate rehabilitation and subsequent 
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stiffness, and (5) shoulder girdle tumors. It is thus quite important in 
assessing the cause of the patient’s recurrent or continued shoulder 
symptoms to assess the status of the rotator cuff. Although a 
watertight closure may not be essential, there is no question that a 
rotator cuff tear of significant size will allow the humeral head to ride 
upward into the subacromial area and A-C joint, which can produce 
continued pain. Furthermore, severe collapse and disorganization of 
the humeral head can result from long-standing untreated large tears 
of the rotator cuff as reported by one of us in 1983 [1]. It appears 
that approximately 4% of patients who have untreated rotator cuff 
tears may in fact go on to develop this “cuff tear arthropathy,” which 
is a most difficult condition, often requiring total shoulder replacement 
and cuff reconstruction for pain relief. Although, admittedly, some 
patients may have a small tear that could be healed over by bursal 
or scar tissue and not go on to this joint degeneration, the recurrent 
lesions we saw in our series were large. We have, thus, been quite 
aggressive in recommending surgical repair and subacromial de- 
compression in all of our symptomatic patients who have had positive 
arthrography, sonography, or other incontrovertible evidence of ro- 
tator cuff tear. 

When Dr. Hall brings up the important fact that watertight closure 
is not crucial for a satisfactory result after rotator cuff repair we are 
fully in agreement, as patients often have good pain relief with a good 
decompression by an anterior acromioplasty. The lack of a watertight 
closure, however, does make interpretation of a postoperative ar- 
throgram extremely difficult because the subacromial bursa will be 
filled in all patients. If the technique in Dr. Hall's institution yields a 
high percentage of nonwatertight repairs and an equally high inci- 
dence of satisfied patients with successful results, we would agree 
with his statement that arthrography would be unwarranted in that 
institution. 

Sonography of the postoperative rotator cuff tendon does not have 
the disadvantage of arthrography in requiring a totally watertight seal. 
In fact, the inability of sonography to detect small tears in the presence 
of postoperative changes would seem to be an advantage rather 
than a detriment to the examination. Because only recurrent tears of 
significant size can be identified, the inherent sensitivity of the exam 
selects out those patients who have lesions that we feel require 
therapy. 

Dr. Hall states that he is skeptical about the clinical usefulness of 
either arthrography or sonography in the symptomatic postoperative 
patient. Both are valuable exams. Although the potential problems 
with arthrography do not bear repeating here, in many institutions it 
is the only test available to assess the adequacy of a repair. In 
institutions in which shoulder sonography has become available, 
however, this examination can define with a high degree of accuracy 
whether a recurrent tear has occurred. We feel this information is not 
only useful but necessary in evaluating and planning therapy in 
patients with recurrent pain after previous rotator cuff repair. 

Jeffrey R. Crass 

Edward V. Craig 

Samuel B. Feinberg 

University of Minnesota Hospital and Clinic 
Minneapolis, MN 55455 
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Abstracts 








Muscles and Skeleton 


Ultrasonographic evaluation of the rotator cuff and biceps tendon. 
Middleton W, Reinus W, Totty W, Melson CL, Murphy W (Mallinckrodt 
Institute of Radiology, 510 S. Kingshighway Blvd., St. Louis, MO 
63110). J Bone Joint Surg [Am] 68A:440-450, 1986 


Ultrasonography of the rotator cuff and biceps tendon was inves- 
tigated in 106 patients who had been referred for arthrography of the 
shoulder. Both the sensitivity and the specificity of ultrasound in 
detecting a tear of the rotator cuff were 91%. Ultrasonography proved 
to be superior to arthrography in the examination of the normal and 
abnormal biceps tendon. A real-time 10-MHz high-resolution scanner 
was employed with the patient sitting. Scans of the asymptomatic 
contralateral shoulder were made in all patients to assess anatomic 
symmetry. Although evaluation of the supraspinatus tendon was 
emphasized, scans of the insertions of the infraspinatus and teres 
minor were also performed routinely. The biceps tendon was studied. 
The subscapularis tendon was scanned only if there was clinical 
suspicion of a lesion in that region. There were three false-negative 
and six false-positive results, most of which occurred early in the 
series. On the basis of these results it appears that ultrasonography 
can be used as the initial imaging test for many patients with sus- 
pected abnormalities of the rotator cuff or biceps tendon. 


Ray F. Kilcoyne 


Osteoid-osteoma and osteoblastoma of the spine. Pettine K, Klas- 
sen R (Mayo Clinic, 200 1st St. SW, Rochester, MN 55905). J Bone 
Joint Surg [Am] 68A:354-361, 1986 


Thirty-one patients with osteoid-osteoma and 11 patients with 
osteoblastoma of the spine were evaluated retrospectively. These 
tumors should be considered in the differential diagnosis of any young 
patient with pain in the back or neck, painful scoliosis, or radicular or 
referred-type pain into the lower limb or the shoulder. These tumors 
often produce pain before they are visible on roentgenograms. Tech- 
netium bone scanning can aid in establishing the diagnosis at this 
phase. The average duration of symptoms in the 17 patients whose 
tumors had been diagnosed by bone scanning was 12 months, 
compared with 35 months in the 25 patients who had been diagnosed 
without the aid of bone scanning. Ninety-five percent of the patients 
operated on had relief of the preoperative pain. Two patients ap- 
peared to have recurrent or persistent tumor. The most important 
determinant for successful operative removal of the tumor is exact 
localization of the lesion. Bone scanning is now accepted as being 
the most accurate means of localizing the tumor. CT also has been 
shown to be helpful in precisely defining, the location of the tumor 
and extent of osseous involvement. Successful excision of the entire 


lesion can be expected to eliminate the tumor pain within hours to 
days. 


Ray F. Kilcoyne 


The reliability of measurements of the lumbar spine using ultra- 
sound B-scan. Battie MD, Hansson TH, Engle JM, et al. (Dept. of 
Orthopaedics RK-10, University of Washington, School of Medicine, 
Seattle, WA 98195). Spine 11(2):144-148, 1986 


Investigators have concluded that there is a relationship between 
the size of the lumbar canal and such symptoms as back pain, 
neurogenic intermittent claudication, and those associated with rup- 
tured intervertebral disks. Ultrasound offers some advantages over 
other imaging techniques in that it is reasonably simple, is noninva- 
Sive, and has no inherent dangers. However, controversy exists as 
to the accuracy and reproducibility of the ultrasound measurements. 
The goals of this study were to examine the reliability of ultrasonog- 
raphy of the lumbar spinal canal with measurements taken directly 
from B-scan images and to study the ease with which different levels 
of the spinal canal could be read, and lastly, to develop a method of 
data analysis to allow more direct comparison of results between 
studies. A 3.5-MHz real-time transducer was placed 1 cm from midline 
of the back and angled 15° medially to obtain the clearest image. 
Subjects studied were 40 men and 10 women, some of whom had 
low back pain. An orthopaedic surgeon, a radiologist, and a physical 
therapist independently measured spinal canal size initially, and a 
second time 2 to 4 weeks later. Intraobserver errors from the first to 
the second reading were less than 1 mm at every level. However, 
interobserver errors (between readers) were greater and ranged from 
0.9-1.5 mm. The error tends to increase when proceeding from L1 
down to S1. The results of this study indicate there are considerable 
variations among measurements of B-scan ultrasound images of the 
lumbar spinal canal. The importance of canal size as a predictive 
factor in back pain has yet to be conclusively demonstrated. This 
Study shows a significant disparity between the reliability of measure- 
ments obtained directly from a B-scan compared with earlier studies 
reported by using A-scans. 


Ray F. Kilcoyne 


Medullary compression in rheumatoid atlanto-axial subluxation 
evaluated by computerized tomography. Toolanen G, Larsson 
S-E, Fagerlund M (Dept. of Orthopaedic Surgery, University of Umea, 
Umea, Sweden S90185). Spine 11(3):191-194, 1986 


CT examination of rheumatoid subluxation at C1-C2 was per- 
formed in 20 patients with advanced disease. Conventional radi- 
ographs show poor correlation between the degree of subluxation 
and clinical evidence of compressive myelopathy. This CT study was 
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undertaken to classify patients with rheumatoid atlanto-axial sublux- 
ation for the presence or absence of dural or medullary compression 
in relation to clinical signs and symptoms. No radiographic opaque 
contrast medium was used. Scans were obtained with the supine 
patient bending his or her neck forward and backward as far as 
possible. CT grading of the severity of the subluxation showed a 
good correlation with the presence of long-tract symptoms that were 
recorded in seven patients. Therefore, the authors recommend CT 
evaluation in patients with increasing atlanto-axial subluxation greater 
than 8 mm or vertical atlanto-axial subluxation. 


Ray F. Kilcoyne 


Nervous System 


Central nervous system involvement in cat scratch disease. Lewis 
DW, Tucker SH (Division of Neurology, The Children’s Hospital of 
Philadelphia, One Children’s Center, 34th St. and Civic Center Blvd., 
Philadelphia, PA 19104). Pediatrics 77:714-721, May 1986 


Cat scratch disease is a common cause of regional adenopathy in 
children but rarely is associated with CNS complications. Two chil- 
dren, aged 12 years and 7 years, are reported with encephalopathy. 
A 12-year-old boy suffered a generalized seizure. No focal neurologic 
changes were present on physical examination. CT was normal. The 
child remains normal since returning home. The 7-year-old boy pre- 
sented with a focal seizure, agitation, and hemiparesis. CT initially 
showed parietal sulcal effacement, which on repeat scan 6 days later 
was the site of an infarction. Minor neurologic changes have persisted 
since hospital discharge. Nervous-system involvement in cat scratch 
disease has been reported in 38 patients. Encephalopathy has oc- 
curred in 90% of patients and spinal cord or root symptoms have 
been observed in 10%. The affected patients have ranged in age 
from 4 to 48 years, with 84% being less than 18 years of age. Six 
patients had CT scans, four were normal and two showed focal low 
densities. 


Richard B. Towbin 


Pediatric Radiology 


Arthrography in the diagnosis of fractures of the distal end of the 
humerus in infants. Akbarnia BA, Silberstein MJ, Rende RJ, Graviss 
ER, Luisiri A (St. Louis University and Cardinal Glennon Children’s 
Hospital, 1465 S. Grand Blvd., St. Louis, MO 63104). J Bone Joint 
Surg [Am] 68A(4):599-602, 1986 


Proper diagnosis of injuries to the elbow in children can be difficult 
on the basis of plain radiographs, and it is even more difficult with 
infants, before the capitellum ossifies. The major lesions that require 
differential diagnosis include fracture of the lateral humeral condyle, 
supracondylar fracture, and Salter-Harris Type-| and Type-ll epiphy- 
seal fractures and dislocations of the elbow. Arthrography in infants 
will clearly display the cartilaginous portions of the elbow joint and 
may be the crucial test in diagnosis. Single-contrast arthrography of 
the elbow was performed on six infants. Four patients were found to 
have a Salter-Harris Type-l fracture and two a Salter-Harris Type-ll 
lesion. The diagnosis before arthrography of dislocation or osteomye- 
litis was wrong in three of the patients. Three patients had a closed 
reduction, two required no reduction, and one had an open reduction. 
Child abuse of two infants was confirmed, and it was suspected in 
another two. When the radiographs and physical examinations do 
not permit an accurate diagnosis, the arthrogram will provide a guide 
and a relatively economical test for diagnosis. 


Ray. F. Kilcoyne 


Contrast sonography of the urinary tract in children (in German). 
Schneider K, Jablonski C, Fendel H (ROntgenabteilung Universi- 
tatskinderklinik, Dr. von Haunersches Kinderspital, Lindwurmstr. 4, 
D-8000, Munich 2, West Germany). Ultraschall 7:30-33, Feb 1986 
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Various potential sonographic contrast agents were observed upon 
catheter-injection into the bladder of 14 healthy children. Neither 
iothalamate into the urine-filled bladder, nor sterile urine into the 
iothalamate-filled bladder, nor saline solution gave more than momen- 
tary faint echogenicity. However, air injection into the iothalamate- 
filled bladder produced clouds of strong echogenicity that quickly 
filled the bladder, offering useful echo-contrast Injected air thus 
provides an added echogenic agent for the differential diagnosis of 
megaloureter (is there reflux?) and low-echogenicity structures 
around the bladder (bladder diverticulum vs ovary or lymph node, for 
example). 


Alan E. Oestreich 


The improved ultrasound diagnosis of hypertrophic pyloric ste- 
nosis. Stunden RJ, LeQuesne GW, Little KET (Diagnostic Ultrasound, 
Adelaide Children’s Hosp., King William Rd., North Adelaide, South 
Australia 5006, Australia). Pediatr Radiol 16:200-—205, Mar 1986 


The results of ultrasound examination of 200 infants with persistent 
vomiting were evaluated prospectively, yielding 100% accurate di- 
agnosis of idiopathic hypertrophic pyloric stenosis (HPS) in 112 and 
normal pylorus in the others. The real-time examination includes 
glucose water in the stomach for acoustic window and evaluation of 
fluid passage through pylorus. The one sonographic measurement 
that definitively separated normal from HPS was canal length; it was 
no more than 14 mm in all non-HPS and at least 18 mm in all HPS 
(as well as 18 mm or longer at surgery in all HPS). Overall diameter 
and muscle thickness had some overlap in this series. Four of the 
seven oldest infants (between 13 and 17 weeks) showed ultrasound 
criteria of pyloric muscle hypertrophy, but fluid passage was intermit- 
tently observed through the canal. These are termed “nonobstructive 
pyloric hypertrophy”, did not proceed to surgery. and showed spon- 
taneous remission of symptoms over weeks. These are believed to 
be examples of HPS resolving without therapy. Obstructive duodenal 
abnormalities were shown in three non-HPS babes. 


Alan E. Oestreich 


The opaque chest: when to suspect a bronchial foreign body. 
Seibert RW, Seibert JJ, Williamson SL (Dept. of Radiology, Arkansas 
Children’s Hosp., 804 Wolfe St., Little Rock, AR 72202). Pediatr 
Radiol 16:193-196, Mar 1986 


Although bronchial foreign bodies most typically cause overaera- 
tion from airtrapping, two other patterns are important to consider. 
Indeed, a bronchial foreign body should be strongly suspected in a 
child with an unexplained opaque partial or total hemithorax when 
there is: (1) any sign of volume loss or atelectasis in the density; or 
(2) bronchiectasis within the lung density. Sonography may be helpful 
to rule out pleural fluid and may demonstrate bronchiectasis when 
the bronchi are fluid-filled. Such tubular echolucent bronchiectatic 
bronchi were indeed found in one of the four dramatic cases here 
reported. Three of the four, including a teenager, gave imaging 
evidence of bronchiectasis. 


Alan E. Oestreich 


Persistent pulmonary abnormalities in newborns: the changing 
picture of bronchopulmonary dysplasia. Heneghan MA, Sosulski 
R, Baquero JM (Dept. of Radiology, School of Medicine, SUNY Stony 
Brook, Stony Brook, NY 11794). Pediatr Radiol 16:180-184, Mar 
1986 


In a retrospective 2-year study of newborns in one neonatal 
intensive care unit, only 60% of 20 infants with clinical bronchopul- 
monary dyplasia (BPD) developed the classic coarse densities mixed 
with regional emphysema described by Northway as stage 4. The 
remaining eight patients showed diffuse, fine imfiltrates without em- 
physema; these babies had a less severe course, while the classic 
pattern almost always predicted severe respiratory impairment. The 
Northway stage 2 (exudative) pattern of BPD during the first 2 weeks 
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of life was seen in 17 of the infants; half of these (9) also showed 
Clinical patent ductus arteriosis (that was distinguishable on radi- 
ograph often only by cardiomegaly). Stage 3 (“bubbly”) disease may 
coexist with pulmonary interstitial emphysema, and thus be masked 
radiographically. 


Alan E. Oestreich 


Computed axial tomographic scanning of the thigh: an alternative 
method of nutritional assessment in pediatrics. Lerner A, Feld LG, 
Riddlesberger MM, Rossi TM, Lebenthal E (International Institute for 
Infant Nutrition and Gastrointestinal Disease, Children’s Hospital of 


AJR: 147, September 1986 


Buffalo, 219 Bryant St., Buffalo, NY 14222). Pediatrics 77:732-737, 
May 1986 


CT scanning of the thigh is compared to arm anthropometry and 
urinary creatinine measurements to assess the adequacy of total 
parenteral nutrition in 14 children with inflammatory bowel disease. 
The results suggest that: (1) total thigh muscle area is a better 
predictor of muscle mass than midarm muscle area; (2) there is a 
close correlation between CT measurements and muscle area cal- 
culated from urinary creatinine excretion rates; and (3) CT scans in 
children and adolescents with inflammatory bowel disease can pro- 
vide valuable information about the thigh compartment and analysis 
of different cross-sectional areas of the thigh. 


Richard B. Towbin 


University of Texas Continuing Medical Education 


The Division of Radiological Sciences, Dept. of Radiology, The 
University of Texas Health Science Center at San Antonio, is spon- 
soring the following continuing education courses. Review of Radia- 
tion Calculations, Sept. 2-4, fee: $450. Diagnostic Radiology, Oct. 
9-11, fee and credit hours to be announced. Sixth Semi-Annual 
Fundamentals of MRI, Nov. 5-8, fee: $395, category | credit: 28 hr. 
Radiation Safety Officer's Course, Jan. 5-9, 1987, or May 18-22, 
1987, fee: $650, category | credit: 36 hr. Radiotherapy Treatment 
Planning Anatomy, Jan. 26-30, 1987, fee: $650, category | credit: 
36 hr. Basic Radiological Health, Feb. 9-13, 1987, fee: $500, cate- 
gory | credit: 40 hr. Review of Radiation Calculations, Feb. 16-18, 
1987, fee: $450. Advanced Radiological Health, May 11-15, 1987, 
fee: $600, category | credit: 36 hr. Fourier Analysis and Microcom- 
puters in Medical Imaging, individual tutorial, fee: $800, category | 
credit: 36 hr. Microcomputer Based Digital X-ray Image Analysis, 
individual tutorial, fee: $900, category | credit: 40 hr. Information: 
Continuing Medical Education Services, The University of Texas 
Health Science Center at San Antonio, 7703 Floyd Curl Dr., San 
Antonio, TX 78284-7980; (512) 691-6295 or (in 1987) (512) 567- 
4444. 


CT/MRI Update 


The ninth annual postgraduate course will be held September 8- 
12, 1986, at the Westin Hotel, Copley PI., Boston, MA. This 42-day 
course is designed to keep radiologists abreast of the latest devel- 
opments in the new imaging techniques. Topics will include: body, 
spine, and cranial CT; head and body MRI, as well as basic principles 
of MRI imaging. There will be seven small-group workshops on 
selected topics in CT and MRI. Program directors: Steven E. Seltzer, 
Douglass F. Adams, and Calvin L. Rambaugh. Faculty includes 
Harvard Medical School faculty and also Drs. Arger, Bergeron, Carter, 
Haaga, Hanafee, Neuringer, Rosenbaum, Runge, Weinstein, and 
Wolpert. Category | credit: 31 hr (approximately). Fee: $495; $315: 
residents, fellows, RTs. Information: Dept. of Continuing Education, 
Harvard Medical School, 25 Shattuck St., Boston, MA 02115. 


Clinical MRI 


The Mallinckrodt Institute of Radiology and the Washington Uni- 
versity Office of Continuing Medical Education will present the Mid- 
west Clinical Magnetic Resonance Imaging Conference September 
19 and 20, 1986, at the Omni International Hotel at Union Station in 
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St. Louis, MO. It will emphasize clinically accepted applications of 
MRI in the brain, spine, body, and extremities. Tne faculty includes 
M. A. Weinstein and R. Peshock, as well as members ef the Mallinck- 
rodt Institute of Radiology. Category | credit: 14.5 hr. Fee: $175. 
Information: William A. Murphy, Mallinckrodt Institute of Radiology, 
510 S. Kingshighway Blvd., St. Louis, MO 63110 (314) 362-2911. 


Angiography and Interventional Radiology 


The sixteenth annual postgraduate course will de held October 6- 
9, 1986, at the Hyatt Regency Hotel, Cambridge, MA. Sessions focus 
on advances in this rapidly expanding field induding angioplasty, 
thrombolytic therapy, percutaneous biopsy, abscess drainage, intra- 
arterial digital studies, and approaches to biliary end urinary obstruc- 
tion. There will be 1 full day of small-group worksheps on specific 
topics. Program director: Michael A. Bettmann. Faculty includes 
Harvard Medical School faculty and Messrs. Ege-man and Goldman, 
Drs. Greenfield, Levin, Ring, vanSonnenberg, Widrich, and Wolf. 
Category | credit: 27 hr (approximately). Fee: $495; $315: residents, 
fellows, RTs. Information: Dept. of Continuing =dueation, Harvard 
Medical School, 25 Shattuck St., Boston, MA 02115. 


AFIP Seminar in Pulmonary and Mediastinal 
Diagnosis 


This seminar will be held on Oct. 6-9 at the Holiday Inn of 
Bethesda, 8120 Wisconsin Ave., Bethesda, MC 20814. Category | 
credit: 26 hr. Fee: $325. Contact Mrs. Cunningham, Dept. of Radio- 
logic Pathology, Rm. G051, Armed Forces Institute of Pathology, 
Washington, DC 20306; (202) 576-2534; (202) 576-2535. Military 
and other fulltime federal salaried physicians should contact the 
Associate Director for Education (EDE), Armed Forces Institute of 
Pathology, Washington, DC 20306; (202) 576-2934; (202) 576-2939. 


Society for Medical Decision Making 


The eighth annual meeting of this Society will take place at the 
Thorne Hall Auditorium of Northwestern University, Chicago, IL, Oct. 
19-22, 1986. Co-chairmen: Daniel A. Albert, Michael M. Ravitch. 
Information: Michael M. Ravitch, Office of Medical Education, North- 
western University, 303 E. Chicago Ave., Chicago, IL 60611; or 
Daniel A. Albert, University of Chicago, 5841 S. Maryland Ave., 
Hospital Box 74, Chicago, IL 60637. 
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Chest Disease, Postgraduate Course 


The twelfth annual Chest Disease course will be held October 20- 
23, 1986, at the Ritz-Carlton Hotel, Boston, MA. This comprehensive 
4-day course emphasizes current controversies and state-of-the-art 
reviews of thoracic radiology and its interaction with clinical pulmonary 
medicine, thoracic surgery, and oncoradiology. Key topics include 
advances in CT, clinical applications of MRI, suppurative lung and 
pleural disease, thoracic lymphoma, lung cancer, lung biopsy, and 
ICU radiology. Program director: Robert D. Pugatch. The faculty 
includes Harvard Medical School faculty and Drs. Glazer, Goodman, 
Matthay, Naidich, and Proto. Category | credit: 22 hr (approximately). 
Information: Dept. of Continuing Education, Harvard Medical School, 
25 Shattuck St., Boston, MA 02115. 


Interventional Radiology for Practicing Physicians 


The Medical University of South Carolina, Dept. of Radiology, will 
present a 3-day seminar, November 5-7, 1986, at the Charleston 
Place-Omni Convention Center, Charleston, SC. The seminar will 
emphasize interventional radiology for practicing physicians. Guest 
faculty: F. Keller, C. Tegtmeyer, and M. Wholey. Program director: 
Ivan Vjuic. Category | credit: 12 hr. Fee: $300. Information: Susan 
Jones, Meeting Coordinator, Dept. of Radiology, Medical University 
of South Carolina, 171 Ashley Ave., Charleston, SC 29425; (803) 
792-5071. 


Perspectives on Imaging Modalities 


The Dept. of Radiology, Hospital of the University of Pennsylvania, 
presents Winter Imaging Seminar: Perspectives on Imaging Modali- 
ties, on Feb. 2-6, 1987, at the Fiesta Americana Hotel in Cancun, 
Mexico. Speakers include Michael E. Bernardino, and Roger C. 
Sanders, as well as faculty from the Hospital of the University of 
Pennsylvania. Category | credit: 19 hr (requested). Fees before Nov. 
1, 1986: $400; $325: residents; $195: technicians. Fees after Nov. 
1, 1986: $450; $375: residents; $225: technicians. Information: Janice 
Ford, Radiology Dept., Hospital of the University of Pennsylvania, 
3400 Spruce St., Philadelphia, PA 19104; (215) 662-6904. 


Alexandria International Conference on Laryngeal 
Cancer 


The Friendship Society of Otolaryngology, Faculty of Medicine, 
Alexandria University, Egypt, is sponsoring an international confer- 
ence on laryngeal cancer. It will be held on April 1-2, 1987. Informa- 
tion: Mohammad Talaat, Dept. of Otolaryngology, Faculty of Medi- 
cine, Alexandria, Egypt; (telephone) 4920703 or 4936764. 


Annual Meeting, National Council on Radiation 
Protection and Measurements 


The 23rd annual meeting of the National Council on Radiation 
Protection and Measurements will be held in Washington, DC, on 
April 8-9, 1987. Information: NCRP, 7910 Woodmont Ave., Ste. 
1016, Bethesda, MD 20814-3095; (301) 657-2652. 


EUROSON ’87 


The sixth Congress of the European Federation of Societies for 
Ultrasound in Medicine and Biology will be held June 14-18, 1987, 
at Finlandia Hall, Helsinki, Finland. The Hosting Society is the Finnish 
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Society for Ultrasound in Medicine and Biology. Four parallel sessions 
are organized every day. The sessions will cover the following sub- 
jects: physics, safety, biological effects, abdomen, interventional and 
intraoperative ultrasound, cardiology, peripheral hemodynamics, 
Doppler, special session on color Doppler, obstetrics and gynecology, 
neurology, pediatrics, small parts, ophthalmology, sports medicine, 
veterinary ultrasound, and future directions of diagnostic imaging. 
There will be special sessions for sonographers. For further infor- 
mation, contact EUROSON ’87, Congress Secretary, Vaskiniementie 
4 B, SF-00200 Helsinki, Finland. 


Copenhagen Symposium on Uroradiology 


The First Copenhagen Symposium on Uroradiology: Imaging and 
Interventional Techniques will be held on Sept. 7-10, 1987, at the 
Herlev Hospital, University of Copenhagen, Denmark. Topics to be 
presented include: upper urinary tract imaging and intervention, lower 
urinary tract imaging and urodynamics, reflux nephropathy, the poorly 
functioning kidney, the transplanted kidney, malignant disease of the 
kidney and urinary tract, and renovascular hypertension. Deadline for 
abstracts is April 1, 1987. Fee: DKR 2.000 before July 1, 1987; DKR 
2.300 after July 1, 1987. Information: Henrik S. Thomsen, Dept. of 
Diagnostic Radiology 54E2, KAS Herlev, Herlev Ringvej, DK-2730 
Herlev, Denmark. 


Election Results 


Officers for 1986-1987 for The Society of Breast Imaging (1986- 
1987) are: president, M. J. Homer; vice-president, C. J. D’Orsi: and 
secretary-treasurer, H. Moskowitz. 

Officers for 1986-1987 for The Society for Pediatric Radiology are: 
president, Derek C. Harwood-Nash; secretary, Donald R. Kirks; treas- 
urer, Diane S. Babcock; chairman, Board of Directors, John C. 
Leonidas; and presient-elect, Beverly P. Wood. 

At the April 8, 1986, meeting of the Greater St. Louis Society of 
Radiologists, the following officers were elected: president, Bruce L. 
McClennan; vice-president, G. Leland Melson; and secretary-treas- 
urer, Jonathan Dehner. 


Grand Rounds Cassettes 


Audiocassettes, slides, and booklet of Johns Hopkins Grand 
Rounds are available. Thirty topics (category | credit: 40 hr/year) are 
covered. Information: Office of Continuing Education, The Johns 
Hopkins Medical Institutions, 720 Rutland Ave., Baltimore, MD 
21205; (301) 955-5880. 


ICRP Report 


The International Commission on Radiological Protection (ICRP) 
met in Vienna, Austria, April 20-24, 1986. One report, “The Metab- 
olism of Plutonium and Related Elements,” was adopted and will be 
published in the Annals of the ICRP in 1986. Two other reports, 
“Developmental Effects of Irradiation on the Brain of the Embryo and 
Fetus” and “Lung Cancer Risk from Indoor Exposures to Radon 
Daughters” were reviewed in detail and are likety to be adopted by 
the Commission during 1986. Initial consideratian was also given to 
a further report, “Radiation Dose to Patients from Radiopharmaceu- 
ticals,” which is likely to come up before the Commission for adoption 
in early 1987. There was a general discussion ef policy issues that 
will need to be considered by the Commission and its expert com- 
mittees as a background to any eventual revision of the Commission’s 
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recommendations. A comprehensive catalog of such policy issues 
was developed, and the individual items will be discussed in detail by 
the Commission and its committees at their future meetings. The 
next meeting of the Commission will be in Washington, DC, March 
2-6, 1987, and the next meeting of the Commission with its commit- 
tees will be in Como, Italy, Sept. 7-17, 1987. 


Meeting and Course Review 


For reader convenience, a summary of upcoming meetings and 
courses is provided. Detailed listings in the AJR issues noted in 
parenthesis. 


Blood Vessel Imaging, conference, Sept. 4-5, Southhampton, U. K. 
(June) 

Diagnostic Ultrasound in Obstetrics and Gynecology, Sept. 5-7, 
Baltimore, MD (July) 

Radiology Congress in Salzburg, Sept. 7-13 (Feb) 

Wendell G. Scott Lecture, Sept. 8. St. Louis (Aug) 

Mammography Course, Sept. 8-11, Oct. 20-23, both Boston (Feb) 
Organ Imaging Review, Sept. 8-12, Toronto (Feb) 

Current Topics in Diagnostic Radiology, Sept. 8-12, Southampton 
Princess, Bermuda (July) 

International Conference on MRI and CT of Head and Spine, Sept. 
8-12, La Napoule, France (May) 

Current Topics in Diagnostic Radiology, Sept. 8-12, New York 
(July) 

Musculoskeletal Disorders, course, Sept. 10-13, Vancouver, BC 
(June) 

Transrectal Ultrasound in Diagnosis and Management of Prostate 
Cancer, Sept. 11-12, Detroit, MI (July) 

Advanced Echocardiography Seminar, Sept. 11-13, Tarpon 
Springs, FL (July) 

Doppler Echocardiography Seminar, Sept. 11-13, Tarpon Springs, 
FL (July) 

Australasian Meeting, Sept. 13-19, Singapore (March) 

Physics of Radiology, Nuclear Medicine, and Radiobiology, Sept. 
15-17, New York (July) 

American Institute of Ultrasound in Medicine, meeting, Sept. 16- 
19, Las Vegas (June) 

CT and MRI of Brain, Head, Neck, and Spine, Sept. 18-19, Chicago 
(Aug) 

Imaging and Intervention in Gastrointestinal Diseases, Sept. 18- 
20, Philadelphia (July) 

Gastrointestinal Imaging, symposium, Sept. 18-20, Boston (June) 
MRI for Technologists, Sept. 19-20, Dec. 5-6, Houston (June) 
Practical Aspects of Mammography, Sept. 20-21, New York (June) 
Paris Fall Ultrasound Symposium, Sept. 20-28 (May) 

Masters International Diagnostic Radiology Conference, Sept. 21- 
26, Vienna (April) 

Weekend courses. Frontiers in Chest Diagnosis, Sept. 22-26, 
Edinburgh; Bone and Genitourinary Imaging, Nov. 3-7, Marbella, 
Spain (Feb) 

Blood Flow in the Brain, meeting, Sept. 23-25, Glasgow, Scotland 
(Dec) 

Brain Anatomy and MRI, meeting, Sept. 26-27. Marseilles (April) 
Neuroradiology and Head and Neck Radiology, course, Sept. 29- 
Oct. 3, Boston (May) 

Functional Imaging in Neurology and Psychiatry, Sept. 29-Oct. 4, 
Supetar (Brac, Yugoslavia) (May) 

European Symposium, Oct. 1-4, Vienna (March) 
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American Board of Radiology Examinations, Oct. 2-3; Oct. 6-7: 
Oct. 8-9; June 8-12, 1987, May 23-27, 1988 

Practical Radiology, Oct. 6-9, Charlottesville, VA (Aug) 

Courses in Diagnostic Ultrasound, Oct. 6-Nov. 7, Winston-Salem, 
NC (July) 

Advanced Neuroradiology, Oct. 9-11, Orlando, FL (July) 
Sonography and OB/GYN, Oct. 10-11, Sacramentc, CA (July) 
Diagnostic Radiology of the TMJ, Oct. 23-26, Marco Island, FL 
(Aug) 

Diagnostic Radiology Seminar, Nov. 3-7, Maui, HI (July) 
Gastrointestinal Cancers, conference, Nov. 12-14, Houston (May) 
Progress in Impotence, symposium, Nov. 13-15, San Diego (May) 
Radiology Seminar, Gastrointestinal Diseases, Nov. 14-16, 
Scottsdale, AZ (Aug) 

Brachytherapy of Choroidal Melanoma, Nov. 20-21, New York 
(Aug) 

Indian Radiation Oncology Congress, Dec. 5-7, Bombay (April) 
International Symposium on Breast Cancer, Jan. 1-4, 1987, New 
Delhi, India (Aug) 

International Symposium on MR 1987, Jan. 29-Feb. 1, 1987, Gar- 
misch-Partenkirchen, Bavaria (Aug) 

Gastrointestinal Radiologists Meeting and Course, Feb. 8-13, 
1987, Scottsdale, AZ (Aug) 

Thoracic Imaging 1987, Feb. 16-19, Orlando, FL (May) 

Radiation Research Society Meeting, Feb. 22-26, 1987, Atlanta, 
GA (July) 

Advanced Perinatal Ultrasound Seminar, Feb. 26-28, 1987, Lake 
Buena Vista, FL (Aug) 

American Radium Society Meeting, April 6-10, 1987, London (Aug) 
Fleischner Society Annual Symposium, May 21-23, 1987, San 
Francisco, CA (July) 

VI Congress of European Association of Radiology. Lisbon, May 
31-June 6, 1987 (Aug) 

International Conference on Computer Assisted Radiology. July 
1-4, 1987, West Berlin (Feb) 

Sarcoidosis and Granulomatous Disorders, congress, Sept. 6-11, 
1987, Milan (June) 





Change of Meeting Date and Location 


Progress in Impotence: Diagnosis and 
Therapy 


This symposium will now be held Nov. 13-15, 1936, at the 
U. S. Grant Hotel, San Diego, CA. Please see the May 1986 
issue of AJA for further information. 

















AJR carries announcements of courses, symposia, and 
meetings of interest to its readers if received a minimum of 4 
months before the event. There is no charge; receipt of items 
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Mail news items to AJA Editorial Office, 2223 Avenida de la 
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Positions Available 


CHIEF, RADIOLOGY SERVICE. The Veterans 
Administration Medical Center in Louisville, KY, 
which is a major affiliated hospital of the Univer- 
sity of Louisville, School of Medicine, is seeking 
applications for the Chief of Diagnostic Radiol- 
ogy. Qualifications include board certification in 
diagnostic radiology and eligibility for an 
academic appointment at the University of Louis- 
ville, School of Medicine. The Radiology Dept. 
is now staffed by a group of seven physicians and 
performs 42,000 examinations per year. Please 
send inquiries to Jack E. Meyer, M.D., Professor 
and Chairman, Dept. of Diagnostic Radiology, 
University Hospital, 530 S. Jackson St., 
Louisville, KY 40202. Equal Opportunity 
Employer. 9a 


THE UNIVERSITY OF MINNESOTA, Dept. of 
Radiology has a full-time probationary tenure 
track position in the Pediatric Radiology Section 
available at the rank of Asst. Professor beginning 
Oct. 1, 1986. Minimum requirements include 
board certification in radiology plus 1-yr-related 
fellowship or clinical experience in radiology 
post-residency. Responsibilities will include all 
pediatric radiology procedures including all in- 
terventional and special imaging procedures us- 
ing CT and other traditional modalities. CT exper- 
tise is required in all pediatric body procedures. 
Responsibilities will also include graduate and 
undergraduate medical instruction in pediatric 
radiology. Duties will include both in-patient and 
out-patient clinical service. Salary is negotiable 
and competitive, and is dependent upon past 
scholarly productivity and post-MD experience. 
Applicants must be licensed or able to obtain a 
license to practice medicine in the state of Min- 
nesota before appointment date. Applications for 
this position will be accepted through Sept. 15, 
1986. Send letter and resume to Deborah L. Day, 
M.D., Section Chief, Dept. of Radiology, Box 292 
UMHC, University of Minnesota Medical School, 
420 Delaware St., S.E., Minneapolis MN 55455. 
The University of Minnesota is an equal oppor- 
tunity educator and employer and specifically in- 
vites and encourages applications from women 
and minorities. 9a 


NEURORADIOLOGIST to join 11-member private 
practice radiology group in southeastern North 
Carolina. Position available for Director of 
Neuroimaging including Neuro MRI. Candidate 
must have at least 2 yr University training in 
neuroradiology with at least 12 months train- 
ing/experience in MRI. Neuroradiologist with ac- 
tive clinical expertise in neurology preferred. 
Please submit CV to Box F46 AJR (see address 
this section). 9-10a 


DIAGNOSTIC IMAGING OF SOUTHERN 
CALIFORNIA announces the availability of a 
position in a full-range diagnostic imaging center. 
Qualification requirements include board cer- 
tification in radiology and in nuclear radiology, or 
special competence in nuclear medicine. 
Qualified applicants should have expertise in 
computer-assisted NM studies, Spect, and 
nuclear cardiology, and an interest in IND 
research. Applicants with competence and ex- 
perience in diagnostic radiology, CT, US, Angio, 
and MR are sought. Qualified applicants should 
have well-developed managerial, leadership, and 
interpersonal skills. Interested applicants should 
submit a current CV with a letter describing 
his/her experience, interest, and qualifications to 
Anselmo Hernandez, Administrator, 5170 
Sepulveda Blvd., Ste. 250, Sherman Oaks, CA® 
91403 (818) 783-3472. Yap 


RADIATION ONCOLOGIST. A 180-member multi- 
specialty group seeks a board certified/ 
board eligible radiation oncologist to expand the 
service offerings of the Oncology Dept. In addi- 
tion to the provision of care, the radiation on- 
cologist will have considerable latitude in the 
design of services including the planning of the 
proposed radiation therapy plant. Duties will in- 
clude design of facilities, selection of equipment, 
and selection and training of personnel. Com- 
munity has 143,000 population and offers three 
universities, fine cultural opportunities and four- 
season recreational activities. Please remit in- 
quiries to Box F48 AJR (see address this section). 
9-10a 


INSTRUCTOR OR ASSISTANT PROFESSOR in 
Abdominal Imaging. The Johns Hopkins Hospital 
is pleased to offer an academic position in ab- 
dominal imaging available as of Oct. 1, 1986. The 
position encompasses an integrated approach to 
abdominal imaging in a busy tertiary care institu- 
tion with primary responsibilities in GI fluoro- 
scopic procedures and CT. MRI is also available. 
The position also offers the unique opportunity 
to participate in the Swallowing Center, a multi- 
disciplinary approach to the patient with dys- 
phagia. Both clinical and basic research are en- 
couraged with superb support from the radiology 
research laboratories. Reply with CV to George 
Saba, M.D., Director, Division of Diagnostic 
Radiology, Johns Hopkins Hospital, Baltimore, 
MD 21205. 9a 


THE MEDICAL COLLEGE OF GEORGIA 
(Augusta, GA) is seeking a Professor and Chair- 
man for the Dept. of Radiology. The department 
consists of sections of diagnostic radiology (in- 
cluding US, CT, and MRI), nuclear medicine, 
radiation therapy, and medical physics, and has 
approved residency programs in diagnostic 
radiology and radiation therapy. Interested par- 
ties please submit CV by Oct. 30, 1986 to Robert 
R. Nesbit, Jr., M.D., Chairman, Radiology Search 
Committee, Dept. of Surgery, Medical College of 
Georgia, Augusta, GA 30912. EOE/AAP 9-10a 


RADIOLOGIST TO WORK WEEKENDS only with 
large group in exciting Las Vegas, NV. Remainder 
of week free to enjoy Nevada's unlimited recrea- 
tional activities. University-associated practice. 
Angio not required. Generous salary and fringe 
benefits. Contact Richard Ellis, M.D., 828 Vegas 
Valley Dr., Las Vegas, NV 89109 or call 7am - 4pm 
PDST (702) 369-7774. 9-10a 


PRIVATE GROUP seeks a board certified/ 
eligible radiologist with neuroradiology/MRI ex- 
pertise. Excellent salary/benefit package. Near 
Chicago. Reply with CT Camelot Radiology Asso- 
ciates, Ltd., PO. Box 6163, Rockford, IL 61125. 9a 


TWO YOUNG RADIOLOGISTS seek a third radi- 
ologist in expanding hospital-based practice near 
Canadian border in northern New York. All 
modalities available. Write P Berman, HC 61 Box 
454, Massena, NY 13662. 8-7a 


JR. FACULTY POSITIONS at Wayne State 
University, Detroit Medical Center in general 
radiology. Seeking board certified radiologist who 
will spend 50% of the time in general radiology 
and the remainder in sub-speciality interests and 
teaching. Send CV and salary requirements to 
Dr. Thomas Slovis, Children’s Hospital of 
Michigan, Dept. of Radiology, 3901 Beaubien 
Bivd., Detroit, MI 48201. Wayne State University 


is an equal opportunity/affirmative action 


employer. 8-10a 


BOARD CERTIFIED radiologist to do general 
diagnostic work, including CT, US, biopsies 
mammography, and angio. Special training ir 
angio desired. Excellent salary and full partner. 
ship 2nd yr. Busy hospital and office practice ir 
suburban Washington, DC area. Send CV to Box 
F50, AJR (see address this section). 9-11a 


GENERAL DIAGNOSTIC RADIOLOGIST, boarc 
certified to join hospital-based group. 200-bed 
hospital equipped with CT, US, nuclear medicine. 
special procedures, and interventional radiology 
20,000 exams/yr. Located in Alton, IL, 45 min. to 
downtown St. Louis. Competitive salary leadinc 
to early partnership. Contact Sumner Holtz, M.D., 
232 So. Woodsmill Rd., Chesterfield, MO 63017 
(314) 434-1500, ext. 4250. 9-11a 


PROGRESSIVE, DIVERSIFIED HEALTH CARE 
PROVIDER in the sea-coast area of New Hamp- 
shire seeks a Director of Radiology. Department 
performs in excess of 25,000 studies per yr. With 
use of the most recent technology, the hospital- 
based imaging modalities include CT scanning, 
sonography, mammography, and general radio- 
graphy. Candidates must be certified in radio- 
grapy by the American Board of Radiology and 
have strong training and clinical experience in 
the above modalities, as well as strong organiza- 
tional skills. Interest and expertise in interven- 
tional techniques and neuroradiology a prerequi- 
site. Compensation arrangement negotiable in 
this attractive practice setting. Send CV, letter of 
reference, and other credentials to: Ron 
Goodspeed, M.D., Exeter Hospital, Inc., 10 Buzell 
Ave., Exeter, NH 03833. 8-9a 


DIAGNOSTIC RADIOLOGISTS SOUGHT. In an- 
ticipation of a planned clinical expansion with a 
complete, newly equipped 12-room radiology ser- 
vice, this medical center is actively recruiting staff 
radiologists. We have openings for board certified 
radiologists with experience in CT, ultrasound, 
MRI, angiography, and DSA. The 327-bed VA 
Medical Center, Radiology Service, is closely af- 
filiated with the University of lowa College `f 
Medicine and suitable candidates may be con- 
sidered for combined University/VAMC appoint- 
ment at a level and salary commensurate with 
training and experience. Send CV to Frank M. 
Behike, M.D., Chief, Radiology Service, VA 
Medical Center, lowa City, lowa 52240 or 
telephone FTS 863-6270 or (319) 338-0581, Ext. 
270. Equal. Opportunity/Affirmative Action 
Employer. 9-10a 


BOARD CERTIFIED RADIOLOGIST. Six man 
radiology group seeks new associate with 6-12 
mo. fellowship/experience in MRI. New 1.5 T unit 
to be operational by year-end. The group pro- 
vides complete radiologic services in fully- 
equipped 500-bed hospital, and private out- 
patient office. Send CV to Eric R. Rosenberg, 
M.D., Dept. of Radiology, New Hanover Memorial 
Hospital, Wilmington, NC 28403. 8-10ap 


BOARD CERTIFIED RADIOLOGIST position is 
being offered by dynamic 14-member group. Op- 
portunity to develop community hospital depart- 
ment that is modern and well-equipped. Skills 
must include general radiology, nuclear medi- 
cine, angiography, CT, and ultrasound. Fellow- 
ship preferred. For confidential consideration 
please submit CV to Box E34 AJR (see address 
this section). 8-9ap 


NEURORADIOLOGY/MRI. Private clinic seeks 
board certified radiologist with MRI experience 
to oversee and direct diagnostic center. Excellent 
salary and recreational activities. Reply: PO. Box 
292527, Davie, FL 33324. 6-10ap 


AJR 147:654, September 1986 


AJR 147, September 1986 


DIAGNOSTIC RADIOLOGIST. Seeking board cer- 
tified radiologist to join a group of 7 radiologists 
in Portland. Large hospital and 2 offices. We of- 
fer all radiographic services including MRI. Re- 
quire a background in body imaging, mammog- 
raphy, and interventional radiology. Position 
leads to equal partnership. Send CV to James 
Waskey, M.D., 507 N.E. 47th Ave.. Ste. 101, 
Portland, OR 97213. 7-9ap 


CT/ULTRASOUND. Board certified radiologist to 
join faculty of the University of Texas at San An- 
tonio. MR experience useful but not necessary. 
Contact Robert L. Siegle, M.D., Chief, Diagnostic 
Radiology, Dept. of Radiology, University of Texas 
Health Science Center at San Antonio, 7703 
Floyd Curl Dr., San Antonio, TX 78284 Equal op- 
portunity/affirmative action employer. 7-9a 


NEURORADIOLOGY. Faculty appointment for a 
trained neuroradiologist with interest in teaching 
and research at the Medical School of the Univer- 
sity of Texas Health Science Center at San An- 
tonio. Send CV to Robert L. Siegle, M.D., Chief, 
Diagnostic Radiology, Dept. of Radiology, The 
University of Texas Health Science Center at San 
Antonio, 7703 Floyd Curl Dr., San Antonio, TX 
78284. Equal opportunityaffirmative action 
employer. 7-9a 


AGGRESSIVE DIAGNOSTIC RADIOLOGY 
GROUP in reed of new associate. Must be board 
certified and would prefer multi-talented back- 
ground including interventional radiology, 
nuclear medicine, ultrasound, CT, and MRI ex- 
perience. Our group covers 4 hospitals including 
regional trauma center and 2 offices. Located in 
The Sparkling City by the Sea. Kindly send CV 
to Richard P. Chepey, M.D., 2481 Morgan Ave., 
P.O. Box 5608, Corpus Christi, TX 78405. 7-10ap 


BOARD CERTIFIED diagnostic radiologist. All 
diagnostic modalities except MR. MR installation 
planned in 1% years. Busy in-patient and out- 
patient practice. Salary negotiable and early part- 
nership available. Send CV to Box C23, AJR (see 
address this section). 6xa 


iSRAEL, DIAGNOSTIC RADIOLOGY. Opportun- 
ities for 3-4 week or longer working vacations in 
a number of Israeli medical centers, or a volun- 
teer basis. Positions varied, arrangements flexi- 
ble. For information contact: Jonathan H. Fish, 
M.D., 1844 San Miguel Dr., #302, Walnut Creek, 
CA 94596; (415) 947-0560. &xa 


Positions Desired 


NEURORADIOLOGIST completing 2-yr-UCSD 
fellowship 6/87 (with 1.5T GE Signa exoerience 
throughout) seeks private practice position. PO. 
Box 8107, La Jolla, CA 92038. 9-12b 


RADIOLOGIST wants to purchase multi-modality 
private office practice, preferably with availability 
of CT. All locations considered. Reply Box D25. 
AJR (see address this section). 7-9b 


RADIOLOGIST wants to purchase contract with 
100-200 bed hospital or outpatient clinic. Prefer 
East Coast, but other locations considered. Reply 
Box D27. AJR (see address this section). 7-9b 


Fellowship and Residencies 


VISITING FELLOWSHIPS IN RADIOLOGY. 
Diagnosis, imaging, and interventional tech- 
niques at the Massachusetts General Hospital, 
J.M. Taveras, M.D., Program Chairman. 1-wk pro- 
grams including CT, US, nuclear medicine, neu- 
roradiology, GI, vascular, pediatric, chest, GU in- 
terventional, skeletal, oncologic, breast imaging, 
and MRI. Write to David C. Kushner, M.D., 
Visiting Fellowship Program Director, Dept. of 
Radiology, Massachusetts General Hospital, 
Fruit St., Boston, MA 02114. 9c 


CLASSIFIED ADVERTISING 


FELLOWSHIP. The College of Physicians and 
Surgeons at Columbia University is offering a 1-yr 
appointment in cardiac imaging at the instructor 
level to begin July 1, 1987. The program involves 
extensive exposure to MRI, echocardiography, 
nuclear cardiology, and digital imaging in addi- 
tion to participation in conventional angiocar- 
diography and coronary arteriography. The car- 
diac catherization laboratories perform 1500 
adult and 400 pediatric procedures per year. Re- 
quirements include board eligibility or certifica- 
tion in diagnostic radiology and a New York state 
medical license. Narcotics license desirable. The 
Program Directors will be Dr. Kent Ellis and Dr. 
Eric Martin. For further information write Eric C. 
Martin, M.D., Dept. of Radiology, Columbia- 
Presbyterian Medical Center, 622 West 168th St., 
New York, NY 10032. Enclose a CV. Columbia 
University is an affirmative action/equal oppor- 
tunity employer. 9c 


CARDIOVASCULAR-INTERVENTIONAL RADI- 
OLOGY FELLOWSHIP. Two-year program start- 
ing July 1, 1988. Extensive clinical training pro- 
vided in all types of interventional procedures, 
diagnostic angiography, coronary angiography 
and cardiac catheterization, digital imaging, and 
cardiovascular MRI. Optional time available for 
laboratory and/or clinical projects. Contact 
Michael A. Bettman, M.D., Dept. of Radiology, 
Harvard Medical School-Brigham and Women’s 
Hospital, 75 Francis St., Boston, MA 02115. 9-10c 


CARDIOPULMONARY RADIOLOGY FELLOW- 
SHIP. The Dept. of Radiology, University of 
Alabama Hospital in Birmingham, offers a 2-yr- 
fellowship in cardiac and pulmonary radiology for 
board certified or board eligible diagnostic 
radiologists. Positions available from July 1987. 
Training includes interpretation of all aspects of 
cardiopulmonary imaging, percutaneous lung 
biopsy, and drainage procedures in the chest, 
and cardiopulmonary pathology. Facilities in- 
clude four CT scanners, two MRI units, four 
catheterization labs, and a digital chest unit. Par- 
ticipation in radiology research programs is ex- 
pected. The fellowship is intended primarily to 
train academic thoracic radiologists. Address in- 
quiries to Robert J. Stanley, M.D., Chairman, 
Dept. of Radiology, 619 S. 19th St., Birmingham, 
AL 35233. 9 & 11c 


PEDIATRIC RADIOLOGY FELLOWSHIP. Chil- 
drens Hospital of Los Angeles has an opening for 
a Fellow in Radiology Department starting 
July 1, 1987. Childrens Hospital of Los Angeles 
is the largest childrens hospital on the West 
Coast. All aspects of pediatric radiologic imaging 
are represented at the hospital. The position is 
for 1-yr with an opportunity for a second year. 
Send CV to John L. Gwinn, M.D., Radiology 
Dept., Childrens Hospital of Los Angeles, 4650 
Sunset Blvd., Los Angeles, CA 90027. Childrens 
Hospital is an equal opportunity employer. 7xc 


Tutorials/Courses 


DALLAS, TX. The University of Texas Health 
Science Center will present its 10th annual 
Diagnostic Radiology Update on Oct. 24-26, 
1986. The weekend course accredited for 18-hr 
will include a Sunday symposium on MRI. Tui- 
tion $325. For information, contact Dolly 
Christensen, Dept. of Radiology, UTHSCD, 5323 
Harry Hines Blvd., Dallas, TX 75235-9071 (214) 
688-2502. 9dp 


HAWAII 86-11TH ANNUAL INTERNATIONAL 
BODY IMAGING CONFERENCE. Oct. 18-26, 
1986. Diagnostic medical imaging. CME category 
| credit. Contact: Body Imaging Conference, 
Dept. of Radiology, West Park Hospital, 21915 
Roscoe Blvd., Ste. #222, Canoga Park, CA 
91204; (818) 701-5143. 8-10d 





65! 


NMR VISITING FELLOWSHIPS in Northerr 
California. Intensive structured 1-6 week course: 
in clinical magnetic resonarce with emphasis or 
CNS imaging. Integrated live instruction with 2( 
hr of dual projection slide presentations in wee} 
1, extensive teaching file (600 cases), and up 
dated videotape library. Certificate awarded or 
completion. References from prior fellows avail: 
able. For further informatiom contact: Murray A 
Solomon, M.D., San Jose MRI Center, 361 S. 
Monroe St., San Jose, CA 95128. 6-11dp 


LONDON, ENGLAND—PARIS, FRANCE. Sec- 
ond Annual Fall Ultrasound Symposia. Sept. 
20-28, 1986. Attend 1 or both symposia. 
Category | credit. Renowned faculty. Fee: U.S. 
$395 before July 18; U.S. $450 thereafter. Com- 
bined fee: U.S. $450 before July 18; U.S. $495 
thereafter. Reduced fees for interns, residents, 
and technicians. Informatior: Medical Seminars 
International, 21915 Roscoe Blvd., Suite #222, 
Canoga Park, CA 91304; (800) MED-TOUR (out- 
side California) or (818) 701-5143. 4-9d 


ULTRASOUND AT SEA—Caribbean Cruise. Post 
RSNA CME 1 presented by Cr. Peter Cooperberg. 
Registration: $385 before Oc. 1; $425 thereafter. 
Info: Medical Seminars International, 21915 
Roscoe Blvd., Ste. #222, Canoga Park, CA 
91304, (818) 701-5143. 7-l1c 


Other 


REALIZE THE VALUE of your practice. A group 
of successful and well-qualified radiologists is in- 
terested in acquiring established radiology prac- 
tices. Hospital contracts, clinics, and private of- 
fice settings are desired. Opportunity for radiol- 
ogists considering retirement or reduction in 
practice activities to capitalize on the value of the 
practice they have built up during their careers. 
Alleviate the problems of psofessional recruit- 
ment or administrative pressures. Practices con- 
sidered throughout the country. Flexible pur- 
chase options with opportunity for continuing 
relationship arrangements. Write Box C49, AJR, 
Suite 306, 2223 Avenida de la Playa, La Jolla, CA 
92037. 6-5e 


AJR Indexes 


AJR CONSOLIDATED INDEXES available in 
limited quantities. Complete vour journal collec- 
tion. Order by index number. Indexes available, 
years covered and prices: 2, 1938-1942, $10; 3, 
1943-1947, $22.50; 4, 1948-1952, $23.50: 5, 
1953-1957, $25; 6, 1958-1962, $23.50; 7, 
1963-1967, $30; 8, 1968-1972, $40; 9, 1973-1977, 
$34. Order from: Subscription Dept. Williams & 
Wilkins, 428 E. Preston, St. Batimore, MD 21202: 
(301) 528-4000. 


AJR Classified 
Advertising Information 


Box Responses and Address for 


Ad Placement 


Write Box ____, AJR. Suite 200, 
2223 Avenida de la Playa. La Jolla, CA 
92037; (619) 459-2229, 





American Journal of 
Neuroradiology 


Editor: Juan M. Taveras, MD, Harvard Medical 
School; MGH 


Outstanding clinical papers on every aspect of CNS 
imaging, including spinal diagnosis...informed coverage 
of head and neck radiology ...clear, readable CTs, angio- 
graphs, MR imaging and ultrasound studies. These are 
the features you demand of a quality professional journal. 
You'll find them in every issue of AJNR: American 
Journal of Neuroradiology. 


As you are called upon to perform and interpret more 
and more sophisticated diagnostic tests — from myelog- 
raphy to CT to newborn ultrasound studies — you need a 
comprehensive, reliable journal that can keep you abreast 
of all the latest developments. Each bimonthly issue of 
AJNR brings you timely, clinically pertinent informa- 
tion, as well as important clinical research presented 
with an eye toward immediate practical application. 


Here are just a few of the many excellent articles from 
the November/December 1985 issue: 

Contrast-Enhanced MR Imaging of Malignant Brain Tumors 

by Moshe Graif, et al. 

MR Imaging of Cerebral Vascular Malformations by 

Benjamin C. P. Lee, et al. 

Cranial Computed Tomography in the Abused Child with 

Head Injury by Ronald A. Cohen, et al. 


American Journal ot Neuroradiology 





Cavernous Sinus Invasion by Pituitary Adenomas hy 
Jamshid Ahmadi, et al. 
Sonography of the Internal Capsule and Basal Ganglia in 
Infants: 1. Coronal Sections by Thomas P Naidich, et al. 
lohexol vs. Metrizamide: Study of Efficacy and Morbidity in 
Cervical Myelography by Richard E. Latchaw, et al. 
Superselective Injection of Polyvinyl Alcohol Microemboli for 
the Treatment of Cerebral Arteriovenous Malformations by 
Giuseppe Scialfa and Giuseppe Scott. 
If you can benefit from articles like these, then you should 
be a regular reader of AJNR. Use the attached coupon to 
subscribe today. 


Bimonthly 
Personal $95/yr Institutions $115/yr In-training $65/yr 
(add $15.00 outside the US) 


ORDER FREE BY PHONE. Just call 
em 1-800-638-6423 from anywhere in the US except 
L AK and HI. MD residents, call 528-4105 collect. 


Williams & Wilkins 


P.O. Box 1496 Baltimore, Maryland 21203 
266 Fulham Road London SW10 9EL England 


Subscribe to AJNR for 3 years and SAVE 


Avoid future rate increases and ensure uninterrupted 
service by placing a multi-year subscription at current 
rates. 

O New subscription O Renewal 

O 3 yrs O 2 yrs O 1yr 

O Personal $95 O Institutions $115 O In-training $65 
(add $15.00 outside the US) 


O Also send me the 1986 Bound Volume at $45.00 ($50.00 outside the 
US). $2.00 discount for orders placed before October 1. 1985. and for pre- 
paid orders. I understand that the bound volume is in addition to my 
regular subscription and is available only to subscribers. (To be shipped 
in early 1987. Sorry, bound volumes for years prior to 1986 are not avail- 
able.) All bound volume ordi rs must he received by De cembe rol. T986. 


O Check enclosed O Bill me 
O VISA O MasterCard O American Express 








card # a exp. 
signature/P.O. # 


printed in USA 








Name 








Address 








City/State/Zip 


MD residents, please add 5% sales tax. Subscription orders from outside the US must 
be prepaid in US dollars only 


Residents, Fellows, Interns, and Students: when applying for the In-training rate, 
available for 3 years, please specify name of institution and training status. Rates 
valid through October 31, 1986. 


Please allow 8 weeks for order processing and delivery of your first issue. Surface 
mail delivery to countries outside the US may take up to 16 weeks. Airmail rates 
available upon request. 


Williams & Wilkins 


P.O. Box 1496 
Baltimore, Maryland 21203 


266 Fulham Road 
London SW10 9EL 
England 
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ELEVENTH ANNUAL 


INTERNATIONAL 
BODY IMAGING 
CONFERENCE 


Waiohai Hotel, Kauai, Hawaii 
October 18-26, 1986 





Topics in CT, Ultrasonography, Nuclear Imaging, 
MRI and Digital Radiography presented through 
the Department of Radiology, West Park Hospital. 
Conference will offer approximately 30 CME 
Category | credits. Renown Faculty: Michael E. 





Bernardino, M.D., Arthur Fleischer, M.D., Robert 
Hattery, M.D., Angelo Lurus, M.D. Michael 
Manco-Johnson, M.D., Ralph Ranalli, Ph.D., 
Roger Sanders, M.D., Jeffrey Weinrib, M.D. 





Registration: US $485 - Physicians 
US $385 - Residents, Interns, Nurses 


AJR: AMERICAN ELEVENTH ANNUAL 
INTERNATIONAL 
EE ni BODY IMAGING CONFERENCE 


21915 Roscoe Blvd., Suite 222 


with Jesse Jones Binders or Files Canoga Park, California 91304. 
(818) 701-5143 


Protect your copies of 


Keep your journals clean, orderly, and readily acces- 
sible with Jesse Jones Binders or Files. Two Binders 
or two box style Files are all you need to accommodate 
a full year’s worth of issues. Both Binders and Files 


are handsomely made with rich black leatherette 

covers and gold leaf embossed lettering. ANGIOGRAPHER/ 
Jesse Jones Binders open flat for easy reading and 

reference and are economically priced at only $9.95 INTERVENTIONAL 
each; 3 for $27.95, or 6 for $52.95 postpaid. The rugged, 

compact box Files are only $7.95 each; 3 for $21.95, or 6 RADIOLOGIST 

for $39.95. Add $1.00/unit postage and handling. 
(Outside the U.S. add $2.50/unit.) 











Temple University School of Medicine 


For charge orders call toll free 1-800-972-5858. ($15.00 and Hospital seeks a senior Boarc Cer- 
maumum), tified Radiologist at the Professor or 

Free gold transfer slips included for indexing volume Associate Professor level to direct the 

5 and year. Section of Angiography/Interventional 
! Please allow four to five weeks for delivery. Radiology. The candidate should have 
——S ss sans a a an established reputation in Angio- 
graphy/Interventional Radiography, have 

TO: Jesse Jones Industries demonstrated skills as a teacher and 


499 E. Erie Avenue, DEPT. AJR 


Philadelphia, PA 19134 have established reputation in research, 


preferably with current grant funding. 
I enclose my check or money order for $ Applicant should send curriculum vitae 
(PA residents add 6% sales tax) and bibliography along with 3 let- 
ters of recommendation to Francis 
J. Shea, MD, Director of Radiology, 
Temple University School of Medi- 
cine, Br6éad and Tioga Sts., Phila., 
PA 19140. An equal opportunity, af- 


City/State/Zip TEMPLE firmative action employer. 
UNTVERSITY 


— | 


Send me O Files O Binders for my journals 





Name 


Address (will not ship to P.O. Box) 





Satisfaction guaranteed. 
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